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Preface 





As I see it now, this book is somewhat like Topsy—‘“It just grew 
and grew.” 


In the beginning, members of the Technical Service Department 
wanted a handbook for their own guidance in formulating a stand- 
ard method of teaching x-ray operative procedure. These men were 
brought together for the purpose of deciding on an outline of class 
procedure, which, with minor changes, could and would be used by 
all of us. 


It is only natural that certain variations in the teaching of any sub- 
ject depends upon the individual; nevertheless, the fundamental prin- 
ciples, based upon facts, is the baseline of all instruction. 


As the ideas grew in number (and in scope), it was finally decided 
that instead of merely having an interdepartmental notebook for _in- 


structors, it would be more worthwhile to make our information avail- 
able to all. So, from such a beginning, this reference book is made 
available. 


Our greatest appreciation is expressed to the organization which 
has provided us with the opportunities, facilities and finances for 
making this effort possible. 


It is a book written by technicians for technicians, an accumulation 
of material based upon facts now available which have proven to be an 


aid in producing a “better end result” and the reasons why. 
G. W. F. 
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Fundamental Electrical Concepts 





ELEctric PoTENTIAL AND CURRENT . 
ELECTROMOTIVE Force By MAGNETIC Tea UETIOn 
Tue Heatinc EFFEcT OF AN ELECTRIC CURRENT 
Macnetic EFFECT OF AN ELECTRIC CURRENT 


ELECTROMOTIVE Force oF SELF-INDUCTION AND ianrioranee 


CAPACITORS ! 
ALTERNATING Cui 5 ; 
THe ALTERNATING CURRENT Tearinedeiant ‘ 


THE AUTOTRANSFORMER AND VOLTAGE COMPENSATOR. . . . . . . «se ws we ss 13 





HE BASIS for the generation of x-rays is es- 
[sentaty electrical in nature since the energy 

input to the x-ray tube is electrical energy. 
For this reason no clear understanding of the 
controlling factors can be had without some ac- 
quaintance with such fundamental electrical con- 
cepts as electromotive force, resistance, direct 
current, alternating current, transformers, ca- 
pacitance, etc. 


Electric Potential and Current 


An electric current will flow through a circuit 
or through two points of a circuit between which 
an electric potential exists. The current of elec- 
tricity is assumed to be a movement of negatively 
charged particles called electrons. Their occur- 
rence may be as free electrons within the struc- 
ture of the material of which the conductors are 
composed, or as bound constituents of the atom 
itself. The electric potential may be established 
by a variety of agents, among which are friction, 
chemical action, pressure, heat, and magnetic 
induction, the last of these being of particular 
interest in subject matter to follow. The effect of 
the electromotive force, due to the difference of 
potential, is to cause an electric current to flow 
which is directly proportional to the electromo- 
tive force and inversely proportional to the im- 
peding elements in the circuit. The general nature 
of the electromotive force is the same whatever 
the agency by which it is produced, but the spe- 


cific characteristics of the resultant current will 
depend on the form of its origin. This relation- 
ship may be expressed as 


ll 
N|@ 


in which i = instantaneous value of 
the electric current 
e = instantaneous value of 
the electromotive force 
z = a factor expressing the 
impeding forces 


The potential difference produced by contact 
of dissimilar substances, thermo-electric action, 
friction between dissimilar substances, and 
chemical action, is continual and constant, assum- 
ing that activity is proceeding at a constant rate. 
In the case of a simple voltaic cell, as shown in 
Figure 1, there will be a voltage established at 
the terminals which will be constant as long as 
the surfaces in the solution are pure and uncon- 
taminated so that no secondary chemical action 
will take place, If an electrical circuit is com- 
pleted externally, as shown in Figure 2, an elec- 
tric current will flow in the direction indicated 
from the positive terminal through an indicating 
meter, through the remainder of the circuit sym- 
bolically represented by the resistance R and 
back to the source. The current will continue to 
flow as long as the circuit is complete and its 
direction and magnitude will remain constant. 
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Fic. 1. Electro-chemical sources of electromotive force showing (a) simple voltaic cell and (b) “dry” cell. 


Such a current is known as a direct current and 
is represented in Figure 3, in which units of cur- 
rent are plotted against time. This graphic repre- 
sentation is a convenient one since it indicates 
the direction of magnitude of the current at any 
time, T. The current I is defined as the rate of 
flow of electricity 
pe 
T 
in which Q = quantity of electricity 
in coulombs 
I = current in amperes 
T = time in seconds 


As indicated above, the relationship of the in- 
tensity of the current to the electromotive force 
producing it is linearly proportional. For a direct 
current circuit, Ohm’s law is 


ee 
R 


l= 


SOURCE 
OF E.M.-F. 


Fic. 2. Complete electrical circuit showing conventional 
direction of current flow. 





in which I = current in amperes 
E = electromotive force in 


volts 
R =a constant of propor- 
tionality termed re- 


sistance (ohm) 


The term R is a measure of the characteristic 
property of the circuit which resists the flow of 





Fic. 3. Relation of current to time in a constant 
current circuit. 


current. It depends on the material which forms 
the electrical path, the length of the path, and 
its cross-sectional area. The formula is 


L 
a 
in which R = resistance (ohms) 


L = length of circuit 

A = cross-sectional 
area 

p = resistivity of the 
material forming 


the circuit 


The nature of p is important. Materials differ 
widely in their ability to conduct electricity, 


nnn EE 
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varying from practically non-conductors like 
glass and mica to excellent conductors like cop- 
per and silver. The non-conductors offer very 
high resistance to the flow of electricity and are 
called insulators, though it is recognized that such 
a classification is relative, not absolute. The best 
conductors offer some resistance to the flow of 
electricity and the best insulators under certain 
conditions permit the flow of some electricity. 
The question of insulation and conduction is 
further complicated by the effects of tempera- 
ture, pressure, surface conditions, and even the 
magnitude of the applied voltage, so that some 
materials may be reasonably good insulators 
under a given set of conditions, but very poor 
insulators under another. 


Electromotive Force by 
Magnetic Induction 


One source of electromotive force which is of 
particular importance in understanding the prin- 
ciple of the alternating current transformer is 
that of magnetic induction. If a wire is moved 
across a magnetic field, a potential difference 
will be produced between the end points of the 
wire. Figure 4 illustrates the principle and the 





Fic. 4. Electromotive force produced by magnetic induc- 
tion in a conductor moving across a field. 


direction of tne induced electromotive force for 
a conductor moving downward in a left to right 
field. The electromotive force is proportional to 
the strength of the magnetic field, the length of 
the wire, and the velocity of the conductor, The 
formula is: 


E = kBlv volts 
in which B = density _ of 
magnetic flux 
(Gausses) 
1 = length of the con- 
ductor (centime- 
ters) 


the 


v= velocity of the 
conductor (centi- 
meters per sec- 
ond) with respect 
to the field 

k =10° 


Conversely, if the magnetic field is moving 
with respect to the conductor, there will be an 
electromotive force produced in the conductor, 
its direction dependent upon the direction of the 
motion of the field and of the magnetic lines of 
force. 

If both field and conductor are stationary, 
and if the magnetic field changes in intensity, 
there will be an electromotive force induced in 
the conductor which is proportional to the rate 
at which the field is changing. In such a case, 


pax oe 
t 
in which 9, = original magnetic 
flux 
9. = final magnetic 
flux 


t = time over which 
the change takes 
place 

E = average induced 
voltage 

K = constant 


The Heating Effect of an 
Electric Current 


The current I flowing in the simple circuit 
of Figure 2 manifests itself by an evolution 
of heat in all parts of the circuit which is pro- 
portional to the square of the current and to 
the resistance of the portion of the circuit 
being considered. In the resistance R, for in- 
stance, P = IJ?R 10’ ergs per second. If the 
current continues to flow for a time, T, the 
energy supplied to the resistance will appear 
as heat, equal to W=I?RT Joules. This 
expression is known as Joule’s law, and may con- 
veniently be written W = 0.24 I? RT calories, 
by introduction of a mechanical equivalent of 
heat, 4.19 X 107 ergs = 1 calorie. Use will be 
made of Joule’s law in a later section for com- 
putation of the total energy input into the anode 
of an x-ray tube. 
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Magnetic Effect of an Electric Current 


An electric current flowing through a con- 
ductor will produce a magnetic field in the vi- 
cinity of the conductor. The lines of magnetic 
force will surround the wire in concentric circles 
as shown in Figure 5, which lie in planes perpen- 


FIELD 
—_ 


Fic. 5. Lines of magnetic force surrounding a wire 
carrying an electric current. 


dicular to the axis of the conductor, and which 
have their centers on this axis. If the conductor 
is wound in the form of a solenoid, the magnetic 
intensity is increased with the field distribution 
as shown in Figure 6. The lines of force are simi- 


SOLENOID 





Fic. 6. Magnetic field surrounding a solenoid in air. 


larly distributed in three dimensions of space, 
each of them being closed curves, linked with one 
or more turns of the coil in which the current 
is flowing. The magnetic intensity within the 
solenoid is given by: 
_ 4xNI 
10 





in which H = magnetic field in- 
tensity (gilberts 
per centimeter) 
N = number of turns 
per centimeter 
I = current (am- 
peres) 


If an iron core is introduced within the sole- 
noid, the field intensity will be greatly increased 
since the iron will become magnetized by induc- 
tion and will add a magnetic flux to the original, 
and the field will be changed as shown in Figure 
7. Within the core, the number of lines of force 


IRON CORE 


MAGNETIC FLUX 


Fic. 7, Magnetic field around a solenoid with an iron core. 


per unit area or magnetic flux density, is greatly 
increased, the factor for a good grade of mag- 
netic iron being 3,000 times that for air, This 
characteristic is called the permeability of the 
magnetic medium, and is defined as: 


ao 
ve 
in which » = permeability 
I 
MAGNETIC CLOSED 
FLUX CORE 


Fic. 8. Magnetic field in a closed iron core produced by 
current flowing through a solenoid. 
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H = magnetic field in- 
tensity 
B = flux density 


In Figure 7, the magnetic circuit is completed 
in air which has a comparatively high magnetic 
reluctance. Forming the solenoid over a closed 
iron core, as shown in Figure 8, the flux density 
is still further increased since the magnetic 
lines of force have a complete circuit in a ma- 
terial of good magnetic characteristics. The rela- 
tion of the electric current I to the magnetic flux 
9 which it produces is given by: 

_ 4x NI 
4g hh” 

in which 9 = flux (maxwells) 
N = number of turns in 


the coil 
= current (amperes) 
L=mean length of 


core (centimeters) 
A = cross-section of 
the core (centi- 
meters?) 
p. = permeability of 
the core. 


Electromotive Force of Self-Induction 
and Inductance 


It was shown earlier that if the magnetic 
field changes in intensity, there will be an electro- 
motive force induced in the conductors linked 
by the field which is proportional to the rate 
at which the field is changing. In the case of 
the coil shown in Figure 8, an electromotive 
force will be induced in each turn of its wind- 
ing by the changing flux which links its turns. 
As a result, a voltage will be produced across its 
terminals in an opposite direction to that which 
is applied from an external source in order to 
produce the original flux. This electromotive 
force is expressed as: : 


ae 
E = —N— 10° volts 
at 


and is known as an electromotive force of self- 
induction. 

This characteristic of the coil, which is re- 
sponsible for the induced electromotive force, 
is called its inductance, and is measured in hen- 
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ries, which is defined as that inductance which, 
when a current is changing at the rate of one 
ampere per second, will produce an induced 
electromotive force of one volt. Inductance can 
be considered also in terms of the magnetic flux 
which is produced by the current flowing through 
the coil. It is then defined as the flux linkages per 
ampere of current producing the flux: 
__ flux linkages 


10-® henries 
current 


N¢ . 
= rr 10° henries 


Capacitors 


The ability to store electricity is a character- 
istic of certain combinations of conductors and 
insulators which are called capacitors. Whenever 
an insulator, usually called a dielectric, separates 
two conductors between which a difference of 
potential can exist, a quantity of electricity may 
be stored in the combination which is a function 
of the area of the conducting plate, the space 
between them, and the potential difference be- 
tween them. Figure 9 shows such an arrange- 
ment. Applying a voltage between the plates will 
cause an electric charge to flow into them which, 
for the case shown, will cease when the poten- 


DIELECTRIC 





ELECTRODE 
PLATES 


+ 


aut 
E 


Fic. 9. Electric circuit showing capacitor and direct 
current source of electromotive force. 





tial of the plates is the same as the potential of 
the charging source. The charge stored in a 
capacitor is given by the equation: 


Q=CE 
in which Q = charge in cou- 
lombs 
C = capacitance in far- 
ads 
E = potential _—differ- 


ence between the 
plates in volts 


Since the current changes with time, it is equal 
at any instance to the rate of change of the 
charge. This rate of change with respect to time 
is mathematically expressed as: 

dQ dE 


=. = poe 


dt dt 


For a pair of parallel plates, the capacity in 
microfarads is given by the equation: 


A 
C = 0.08842 K oe 


in which A= area of the 
plate (centi- 
meters) 


K =a constant 
called the di- 
electric con- 
stant which is 
a function of 
the material 
separating the 
plates. For 
air, K = 1. 


Alternating Current 


Thus far in consideration of fundamental 
electrical concepts, the current has been uni- 
directional and either constant in magnitude 
or varying in intensity with time. There is an- 
other kind of current which is of very great 
importance in the theory of x-ray generation 
and, in particular, the power supply to the x-ray 
tube. This is alternating current which is defined 
as one which reverses its direction at regularly re- 
curring intervals, most generally with the posi- 
tive and negative portions symmetrical in shape 
and area when instantaneous values of current 


are plotted against time. An understanding of 
the nature of alternating current can best be 
obtained by examining the principle of the alter- 
nating current electrical generator, the device jn 
which an alternating current is produced. , 
Figure 10 illustrates the basic principle of an 
alternating current generator, A loop of wire is 


CONDUCTING COIL 





SLIP RINGS 


Fic. 10. The basic principle of an alternating 
current generator. 


made to rotate in a magnetic field which passes 
from pole N to pole S, produced by the passage 
of direct current through field coils wound on 
the poles. The ends of the coil are connected to 
conducting rings insulated from one another 
upon which stationary contacts, A and B, com- 
plete the electrical circuit to the terminals of 
the machine. 

The direction of the current in the wires will 
be at right angles to the direction of the mag- 
netic lines and the direction of motion, usually 
expressed by Fleming’s rule. 

If the thumb, forefinger, and middle finger of 
the right hand are perpendicular one to an- 
other and the thumb is pointed in the direction 
of motion of the wire relative to the field, the 
forefinger in the direction of the magnetic lines 
of force, then the middle finger will point in the 
direction of the induced voltage. In Figure 10, 
an electromotive force will be induced in the 
wire passing under the N pole in a direction 
away from the reader, while for the wire passing 
under the S pole, the direction will be toward the 
reader. The electromotive force in the con- 
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ol 


ductors A and B forming opposite sides of the 
coil add together in such a direction that A 
is the positive terminal and B is the negative 
terminal when the coil is in the position shown. 
Now consider the coil rotated half a revolution 
or 180°: conductor B is then under the S pole 
and A is under the N pole. The electromotive 
force reverses and B is the positive terminal with 
A the negative. The polarity thus reverses itself 
twice for each revolution of the coil. 





Fic. 11. Reference position of plane of coil in 
the magnetic field. 


The magnitude of the generated voltage is 
proportional to the rate of change of the mag- 
netic flux through the coil. In Figure 11, when 
the coil is in position 1, the flux enclosed is a 
maximum, but the rate at which the number 
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enclosed is changing is zero. Thus the induced 
voltage is zero. In position 3, similar to that of 
Figure 10, the flux enclosed is a minimum but 
the rate at which it is varying is a maximum, so 
the induced voltage is a maximum. In position 
2 the voltage is some intermediate value de- 
pending on the angle between the plane of the 
coil and the plane of the magnetic lines, It can be 
shown that the rate at which the flux linkages 
change in a uniform magnetic field cut by a 
rotating loop conductor is a sine function’ of 
the angle through which the coil has passed, 
beginning from position 1. Figure 12 shows the 
variation of 9, the enclosed flux, with time and 
the resultant induced voltage E. 

It is not the magnitude of the enclosed flux 
which determines the voltage, but the rate at 
which it is changing as the coil rotates clockwise 
from the original position. With the coil in posi- 
tion 1, the voltage generated is zero. It increases 
until position 3 is reached at which it is a maxi- 


mum, the angle traversed being 90°. Then the , 


4 


voltage decreases in magnitude until it reaches 


* The sine of an angle is the ratio b/c so that C sine a 
becomes the projected length of the hypotenuse ¢, in th 
direction of b. 
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Fic. 12. Variation of flux and induced electromagnetic force with degrees rotation (i.e., time). 
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zero with the coil perpendicular to the field po- 
sition 1’; similar to position 1 but with the 
coil sides reversed. The angular change is 180°. 
The voltage then increases, but with reversed 
polarity until a position 3’ is reached, at which 
it is a maximum, the direction of the induced 
voltage being opposite to that in position 3. 
With continued rotation, the cycle of changes 
repeats itself. 

The electrical current produced in the man- 
ner described is known as an alternating cur- 
rent and is defined as one whose direction re- 
verses at regularly recurring intervals, most gen- 
erally with successive half waves 1 to 1’ of Figure 
12 of the same shape and area when instantane- 
ous values of current are plotted against time. 

A cycle is one complete set of positive and 
negative values of an alternating current. 

The frequency is the number of cycles through 
which it passes per second. 

The sine wave is the simple alternating wave 
shown in Figure 12, for which the changes with 
time are expressed in terms of a function of the 
maximum value E,,,, and the angle @ as: 


e = Emax sin & (volts) 
or i = Imax Sin @ (amperes) 
The table, Figure 13, gives instantaneous values 


for various angles, measured from the position of 
minimum induced voltage. 


Angle « e 

0° 0 

30° 0.50 Enax 
60° 0.866 Ejax 
90° 1.00 Emax 
120° 0.866 Emax 
150° 0.50 Enax 
180° 0 
210° —0.50 Enax 
240° — 0.866 Eva 
270° —1.00 Enax 
300° —0.866 Emax 
330° —0.50 Enax 
360° 0 


Fic. 13. Table showing instantaneous values of induced 
electromotive force for various positions of the coil meas- 
ured from the position of minimum induced voltage. 


Since the operation of electrical devices may 
involve no rotation, it is necessary to express the 
equation above as a function of time or frequency 


of the alternating current. If the coil is rotating 
with a uniform angular velocity w, 


a=wt 
If f is the frequency, 
w = 2zf, since one complete revolution 


is 2x radians, 
Then, 


& = Emax sin(27 ft) 


The average value of the ordinate of a wave 
is the area of a half-cycle divided by the length 
of its base, in suitable units. For a sine wave, this 
is 


2 
Eay ——S Emax oe 0.636 Emax 
Tr 


Of great importance also is the effective value 
of an alternating current, or its comparison to 
a direct current with reference to energy con- 
tent. This figure is obtained by determining 
the square root of the average of the squares 
of the instantaneous values for a complete cycle. 
This is called the root-mean-square value and 
for a sine wave is 


1 
Ey mis: == 
V2 

Since, for power calculations, the effective 
values are always used instead of average or 
maximum values, ammeters and voltmeters for 
alternating current are calibrated to read these 
values, and the subscript root-mean-square is 
understood. 

The alternating current of sine wave form 
is the basis for electrical design and calculation 
and may, in most cases, be assumed to represent 
current and voltage waves in electrical circuits. 
It must be recognized, however, that any de- 
partures from the theoretical conditions assumed 
or the presence of distortions in the magnetic 
field, or of losses in the circuit itself may modify 
the wave shape to a considerable extent neces- 
sitating special methods of approach. 


Emax = 0.707 Fas 


The Alternating Current Transformer 


In the previous discussion of electricity and, 
magnetism, two conclusions were established: 


1. An electric current produces a magnetic 
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field in the vicinity of the circuit in which 
it flows, 

2. An electromotive force is induced in a 
conductor when the magnetic field enclosed 
by the conductor is changing in intensity, 
the magnitude of the induced electromo- 
tive force being proportional to the rate 
of change of magnetic flux. 


It was shown on page 5 that an electromo- 
tive force is induced in a conductor when the 
magnetic field enclosed by the conductor is 
changing in intensity, the magnitude of the in- 
duced electromotive force being proportional 
to the rate of change of magnetic flux. These 
principles can be combined in a manner shown 
in Figure 14, An iron core has wound on it two 
coils insulated from the core and from each other. 





Fic. 14. The basic principle of the transformer—electro- 
motive force produced in one coil as a result of current 
flowing through another. 


One of these coils carries an electric current 
produced by an external electromotive force. 
The current I flowing through the coil No. 1 
establishes a magnetic flux in the iron core which 
is proportional to the intensity of the current, 
the number of turns N, in the coil, the cross- 
sectional area of the core, its permeability and 
the inverse of its mean length. The flux so pro- 
duced passes through the magnetic circuit and is 
linked by coil No. 2. A change in any of the 
factors affecting ¢ will produce a change in flux 
which will according to the law of magnetic in- 
duction, establish an electromotive force across 
the coil given by 


d 
E, = N, x 10-8 (volts) 


in which E, = induced elec- 
tromotive 
force across 
coil No. 2 

(volts) 
N,=number of 
turns in coil 

No. 2 


dg 

— = rate of change 
of flux with 
time 

E, is an electromotive force produced in the 
second coil as a result of mutual induction by 
the magnetic field, linking the first and second 
and established by the current flowing in the 
first coil. If the coil is connected to an external 
circuit, a current will flow which is proportional 
to the magnitude of the potential difference 
across the terminals. Neglecting losses due to 
heating of the windings and stray magnetic leak- 
age, the power delivered by the second coil (sec- 
ondary winding) will be equal to that delivered 
to the first coil (primary). 

Since the magnetic flux is common to both 
coils, the voltage per turn induced in each must 
be the same. The voltage applied to the primary 
coil can be considered equal to the voltage of 
self-induction of the primary, and the terminal 
voltage of the secondary can be considered 
equal to the secondary induced voltage. Then, 


E, _E, 
N, N, 
in which E, = primary voltage 
N, = primary turns 


| 


E, = secondary voltage 
N, = secondary turns 
or 
E,_ N, 
E, N, 


which indicates that the primary and secondary 
voltages are in proportion to the number of 
turns of each. 

A device of this type is known as a transformer 
since with it electrical power at any given voltage 
can be converted into power at any desired volt- 
age by proper selection of the turn ratio. 

Assume that the transformer of Figure 14 is 
supplied with an alternating sine wave voltage 
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of the characteristics previously described, vary- 
ing cyclically in magnitude and direction. The 
magnetic flux produced will have a variation 
curve similar to that for the applied voltage, 
satisfying the conditions for electromagnetic in- 
duction by changing flux linkages through a coil, 
and giving rise to an induced voltage in coil 2 of 
value 


Emax = 2% £N,maxl0-* (volts) 


The same equation applies to the induced volt- 
age in coil 1, which is equal and opposite to the 
applied voltage E,. Therefore the mutual flux in 
a transformer is determined by the frequency, 
the number of turns in the primary winding, and 
the impressed voltage. The secondary induced 
voltage is determined by the mutual flux and 
frequency, both of which are fixed by the pri- 
mary, and the number of turns in the secondary. 
The voltage induced per turn in each winding 
must be the same. Then, repeating equation 


E, N, 
E, N; 
and I, _ N, 
I N, 


2 1 


the ratio of primary voltage to secondary voltage 
is practically equal’ to the ratio of the number 
of turns on each, the ratio of primary current to 
secondary current is the inverse ratio of the num- 
ber of turns on each, and the transformer, then, 
is a device for converting electrical power at one 
voltage to approximately the same amount of 
power at another voltage. 

A step-down transformer is one in which the 
output voltage is less than the input voltage; a 
step-up transformer is one in which the reverse 
is true. The ratio of primary voltage to secondary 
voltage is called the ratio of transformation and 
is very nearly the same as the turn ratio. 

Figure 15 is a specialized type of step-down 
transformer for heating the filament of an x-ray 
tube used in radiography. The filament require- 
ments for the greatest emission which is likely 
to be used is 10 volts and 5.5 amperes so that 
with a ratio of transformation of 16:1 and some 


* They are the same to within 2 per cent or 3 per cent 
in a well-designed transformer so that the discrepancy can 
be disregarded in an elementary discussion. 





Fic. 15. Step-down transformer for filament heating with 
high-voltage insulation between primary and secondary. 


means of primary voltage control, a rheostat, the 
power supply of 230 volts and 60 cycles is suit- 
ably transformed. The primary winding has 800 
turns of wire sufficiently heavy to carry 2 am- 
peres and the secondary winding has 50 turns of 
wire with 5 times the cross-sectional area so that 
5.5 amperes is a conservative current. 

A very important characteristic of an x-ray 
filament transformer is the high insulation re- 
quired between the primary and secondary wind- 
ings. The potential of the cathode side of the 
x-ray tube with respect to the primary winding 
is half the voltage across the x-ray tube in prac- 
tically all circuits. Thus, a tube operating at 80 
kilovolts peak will have a potential difference of 
40 kilovolts peak to ground at each terminal. 
Since the secondary of the filament transformer 
is electrically connected to the cathode, and the 
primary is only a few hundred volts from ground 
potential, the two windings must be electrically 
insulated for high voltage. Thus, although the 
transformer delivers a low voltage, it is a high 
voltage insulation transformer and the windings 
must be well spaced. The entire unit is usually 
immersed in a special insulating oil of high 
dielectric strength. 

Figure 16 is a step-up transformer used for 
the high voltage supply of an x-ray generator. 
The output of this particular transformer is 100 
kilovolts peak at 100 milliamperes, the primary 
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Fic. 16. Step-up transformer designed for 100 kilovolts 
peak and 100 milliamperes. 


power being supplied at 230 volts, 60 cycles. 
With a ratio of transformation of approximately 
1:300 and some means of primary voltage con- 
trol, it is possible to obtain any desired secondary 
voltage from 20 kilovolts peak to 100 kilovolts 
peak. The insulation problem is obviously an 
important one, since the potential across the 
secondary may be as high as 100 kilovolts peak. 

Inasmuch as the center of the secondary wind- 
ing is grounded, the voltage at each end with 
respect to the primary winding or the core of the 
transformer will, in the unit shown, be half the 
total or a maximum of 50 kilovolts peak. As in 
the case of the filament transformer, insulating 
oil is used as a dielectric surrounding the entire 
assembly, 


The Autotransformer and Voltage 

Compensator 

The voltage supplied to the x-ray tube is con- 
trolled on the primary side of the high tension 
circuit through an autotransformer, As shown 
in Figure 17, such a device consists of a single 
winding, part of which is used both as secondary 
and primary, the two circuits being electrically 
connected. The section corresponding to the 
primary winding is between the points A and B, 
connected to the incoming power supply. The 
section corresponding to the secondary is be- 
tween the points A and C and is variable from 







T 
TO HIGH TENSION 
TRANSFORMER 


INPUT 
FROM 
POWERLINE [ 


Fic. 17. Elementary circuit diagram of an autotransformer. 


position 1 of the selector switch for the minimum 
to position 3, the maximum number. Since the 
voltage ratio of the input and output is the same 
as the respective number of turns, the auto- 
transformer is a step-down device when the selec- 
tor switch is at any point between 1 and 2, and 
a step-up transformer at any point between 2 and 
3. By providing a large number of connections 
to the autotransformer winding, it is possible to 
obtain sufficiently small voltage increments on 
the output side to provide 1 kilovolt peak steps 
on the high tension transformer secondary. 
Figure 18 is a diagram of an autotransformer 
used on a 200 milliampere x-ray generator for 


OUTPUT 


AUTO TRANSF'M'R. 
D| CONTROLS 





VOLTAGE 
230V. gbont 
A INPUT 


Fic. 18. Circuit diagram of an autotransformer showing 
refinement for voltage compensation. 


diagnostic application. By manipulating the con- 
trol knob C, which is mechanically interlocked 
with a changeover switch D to provide an in- 
creased number of turns after control C has 
made one complete excursion, 100 steps of volt- 
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age control are obtained. The total number of 
turns approximates 200. 

Selector switch B is a device which is used to 
maintain the input voltage at a fixed value 
despite variations in the supply line voltage and 
which is called the voltage compensator. A volt- 
meter is connected across a fixed portion of the 
autotransformer and, by means of the compen- 
sator control, the voltmeter pointer is set to a 
definite mark on the dial which corresponds to 
the correct voltage for the reproduction of cali- 
bration conditions. The taps H, M, and L further 
extend the range of line voltage compensation. 
Connection A is made to tap H if the line voltage 
is from 260 to 240 volts, to tap M from 240 to 
220, and to tap L from 220 to 200 volts so that, 
in connection with the compensator control B, 
the total range of voltages that can be compen- 
sated for extend from 200 to 260 volts. - 

A typical autotransformer is illustrated in 
Figure 19. The contact studs brought out from 
the winding in the region of C, Figure 18, are 
clearly shown in circular arrangement together 
with the auxiliary switch D, which extends the 
range of C, It will be noted that the transformer 
consists of a single winding with low voltage in- 
sulation to the iron core in contrast to the much 
greater insulation space provided for the second- 
ary windings of both the filament and high ten- 
sion transformers. Since the autotransformer is 
not more than several hundred volts from ground 
potential, it can be mounted as part of the x-ray 
control apparatus on a panel or in a cabinet 
easily accessible to the operator. The control 





Fic. 19. Typical autotransformer as used in x-ray control 
circuit showing voltage control and compensator. 


knob C is movable over an indicating plate bear- 
ing numbers corresponding to the autotrans- 
former taps. Since the autotransformer controls 
the voltage applied to the primary of the high- 
tension transformer and this in turn determines 
the secondary potential applied to the x-ray tube, 
it is possible to calibrate the apparatus in terms 
of autotransformer settings for any desired tube 
voltage at any specified current. 
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Electron Theory and the X-Ray Tube 
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HERE 1S a large body of observable phe- 

nomena in physics which can be explained 

by assuming the existence of a small elec- 
trically-charged particle which has been named 
the electron. This is true of many of the facts 
pertaining to x-ray tube operation which are 
more readily understood with a background of 
information relative to electron properties and 
behavior. As a matter of fact, the fundamental 
process of x-ray generation can be said to occur 
whenever high velocity electrons strike a target; 
that is, x-rays are generated whenever electrons 
having a high velocity are suddenly stopped or 
slowed up by interaction with atoms of other 
materials in their path. In this process most of 
the kinetic energy of the electrons is transformed 
into heat, and only a fraction of one per cent is 
converted into x-ray energy. 

The device in which these phenomena are al- 
lowed to occur is called an x-ray tube. The ele- 
ments essential for the operation of an x-ray 
tube are: 


1. A source of electrons. 

2. A high voltage with which to accelerate the 
electrons to high velocity. 

3. A vacuum in which the electrons can ac- 
celerate without interference from atoms 
of gas. 

4. A target against which the electrons im- 
pinge and which then becomes the source 
of x-rays. 


These elements will be described in more de- 
tail as this section is expanded. 

In the hot cathode x-ray tube developed by 
Dr. W. D. Coolidge, the type used almost en- 
tirely at present, the electron source is a small 
coil of tungsten wire which is heated to incan- 
descence by the passage of an electric current 
through it. Figure 20 shows a diagrammatic sec- 
tion of such a tube. The electrons are ejected 
from the heated wire, the degree of emission 
being a function of the temperature of the wire 
and the ‘total area of its surface. Electrons ob- 
tained in this manner are distinguished as 
thermo-electrons, and they have the same char- 
acteristics as those obtained by bombardment of 
gas atoms, ejection from photo-sensitive chemi- 
cals, mechanical friction, or any other process by 
which electrons may be dislodged from an atom 
or separated from the material in which they 
exist as free electrons. They carry a unit nega- 
tive electrical charge equal to 4.77 X 10°? elec- 
trostatic unit, the mass at rest is 9.09 < 10°*8 
grams, the mean diameter is 2.5 X 10-?° centi- 
meters. 

The operating principles of the x-ray tube are 
best illustrated by further development of the 
mechanism of electron behavior in a vacuum 
under the influence of an electric field. 

Figure 21 shows a coiled filament with its ends 
connected to a source of electric potential E; by 
which means an electric current I; is made to pass 
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Fic. 20. Diagram of hot cathode tube showing anode and cathode structure. 


through the wire. The current passing through 
the wire raises its temperature to a point where 
electrons are emitted from the material of which 
the filament is made. However, if a high tem- 
perature is obtained with the filament operating 
in air, oxidation and rapid deterioration of the 
filament will take place. It must be enclosed in 
a space either evacuated or filled with an inert 
gas which will not affect the filament at high 
temperature. In the x-ray tube, for reasons which 
will be discussed later, the filament is operated 
in a high vacuum of the order of 0.00001 milli- 
meter of mercury. Figure 22 represents the fila- 
ment in an evacuated glass tube, the lead-in 
wires brought through the glass by means of a 


INCANDESCENT 
FILAMENT 






+ 
BATTERY — E 


Fic. 21. Method of obtaining electrons by passing an 
electric current through a wire. 


suitable combination of materials to form a 
vacuum-tight seal. If the space within the bulb 
is well exhausted, if the absorbed occluded gases 
on the glass walls and the filament are removed 
by extended heating processes during the pump- 
ing, and if all materials are pure and clean, 
thermo-electrons will be emitted from the heated 
filament at a rate fixed by the temperature of 
the filament wire and its surface area. Control of 
filament temperature is accomplished by varying 
the intensity of electric current flowing through 
the wire. In the diagram this is indicated by an 
ammeter A and controlled by varying the re- 
sistance of the filament circuit through the rheo- 
stat R. The heated filament emits electrons, 
though with small velocity of ejection, from the 
wire surface. A cloud of particles, each possess- 
ing a unit negative electrical charge, is thus 
formed and equilibrium is established by the 
electrostatic field produced. 

The symbolic representation of a filament 
heating circuit as shown in Figure 22 will be 
extended and modified later to a more practical 
arrangement which will, however, contain the 
same essentials: 


1. A source of filament potential. 
2. A tungsten filament in an evacuated glass 
tube. 
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AMMETER 


Fic. 22. Elementary filament heating circuit and electron source in 


evacuated glass bulb. 


3. A rheostat for controlling the filament cur- 
rent. 

4. An indicating meter for the filament cur- 
rent (ammeter). 


Assume now that a collector plate is introduced 
into the tube and is so connected that its poten- 
tial is positive with respect to the filament. The 
negatively charged electrons will be accelerated 
in the direction of the plate and will constitute 
an electric current flowing across the vacuum 
space. Figure 23 illustrates this effect, the plate 
potential E, represented by a battery with its 
positive terminals connected to the plate, and its 





AMMETER 





negative terminal connected to 
one side of the filament. The plate 
is termed the anode and the fila- 
ment is the cathode. If the plate 
potential is negative with respect 
to the filament, no current will 
flow across the vacuum space be- 
cause of the repulsion of the nega- 
tive electrons by the negatively 
charged anode. The electrons 
passing from the filament to the 
plate constitute a thermionic cur- 
rent through the vacuum which, 
because it is a movement of nega- 
tive charges, is opposite in direc- 
tion to the conventional current 
flow from positive potential to 
negative. This is because the direction of current 
flow from plus to minus was established before 
the electron theory was developed. The current 
through the tube is registered on the milliam- 
meter which may be connected at any point in 
the anode circuit as, for instance, in the position 
shown by the meter illustrated by dotted lines. 


Electron Emission 


With the passage of an electric current through 
the filament wire, the kinetic energy of the atoms 
and free electrons, of which the wire is composed, 
is increased to the extent that some of the elec- 


MILLIAMMETER 


ELECTRON 
FLOW 


Fic. 23. Fundamental circuit for an electron current through a vacuum tube. The direction of 
electron flow is opposite that of conventional current flow. 
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trons will be ejected from the filament surface 
into the surrounding space. Figure 24 is a curve 
showing the relation of filament current to emis- 
sion current for a tungsten wire 0.0085 inch in 


Kegel =e Ts 
1 
2 
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Fic. 24. Emission characteristics of an x-ray tube show- 
ing the relation of filament current to emission current. 


diameter, a commonly used size. It is seen that 
small changes in filament current produce large 
changes in emission. 

If the anode potential is sufficiently high to 
draw all the emitted electrons across the inter- 
electrode space, the relation between thermionic 
current and filament temperature is given by 
Dushman’s modification of the Richardson equa- 
tion: 


b 
I = AT’e — — 
T 


in which A and b = constants of 
the filament 
material which 
for tungsten 


are: 
A = 60.2 
b = 52,400 


T = absolute tem- 
perature of the 
filament 
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e = base of the nat- 
ural system of 
logarithms, 
2.718 


I = thermionic cur- 
rent for each 
square centi- 
meter of fila- 
ment surface 


From this expression it is seen that the cur- 
rent is limited only by the temperature of the 
filament and its surface area if all available elec- 
trons are utilized in the thermionic current. This 
condition is approximately met in the x-ray tube, 
where the anode potential may range from 30,000 
volts to 1,500,000 volts, or more. 

If the voltage is not sufficiently high, there 
will be a limitation of current due to the forma- 
tion of an electron cloud in the vicinity of the 
filament. The electrical charge of this electron 
cloud is referred to as space charge, which in- 
hibits any increase in current. Elevation in tem- 
perature then does not produce any effect on the 
total number of electrons reaching the anode. 
Increasing the anode potential, however, will re- 
sult in further increase in tube current. The 
relationship expressing the space charge effect 
is given by the Child-Langmuir law: 


I, = kV3/2 
in which I, = space charge cur- 
rent 
V = potential differ- 
ence 


k = constant depend- 
ing on the shape 
of the electrodes, 
their area, and 
their distance 
apart. 


This equation shows that for a given tem- 
perature of the filament the thermionic current 
increases with the anode voltage until the satu- 
ration current, as obtained from the Richardson 
equation, is reached. 

The tube current is dependent upon the total 
number of electrons per second passing from 
cathode to anode. It is of interest to compute 
this number. 
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The electronic charge « is 4.77 X 10°?° elec- 
trostatic unit. One ampere-second equals one 
Coulomb equals 3 X 10° electrostatic unit. The 
number of electrons per milliampere-second is: 

3 X 10° 1 
1 mas =—W— X —— %X 10" = 6.28 X 

10° 4.77 
10'5 electrons, or 6,270,000,000,000,000 elec- 
trons. 


Electron Acceleration 


If the anode voltage is greater than V = 


1\ 3/2 
(<) , the space charge is no longer a limi- 


tation and the emission values are limited by 
temperature alone. The repulsive force between 
electrons in the space between the anode and 
cathode is assumed then to be overcome by the 
field intensity due to the cathode-anode poten- 
tial difference. All of the electrons emitted from 
the filament are then accelerated toward the 
anode under the attractive force of the positive 
potential on the latter. The term “acceleration” 
arises from the familiar mechanical concept of 
a particle, the electron, of mass m and charge 
e subjected to an electric force E in the inter- 
electrode space. Under these conditions, the par- 
ticle leaving the filament will be acted upon by 
force to produce a velocity v at the moment 
of impact. 

The kinetic energy of a particle moving with 
velocity v is 

E = Ymv? 
The forces acting on a single electron of charge 
e can be considered. The energy gained by the 
electron in moving through a field of potential 
V is 
E= Ve 


. ; volts : : 
in which V = snp electrostatic units 


e = 4.77 10-?° electrostatic units 


Since the work done upon the electron must ap- 
pear as kinetic energy, 


volts 
m m 300 


(2X 4.77 X 10° “= 
v= —$—$—$______—_—___ volts 
9.09 X 10-28 X 300 





5.94 X 107 \/volts (cm/sec) 
v = 370V/volts (miles/sec) 


From this expression it is seen that the velocity 
increases as the square root of the potential 
difference existing across the tube. The following 
table, Figure 25, shows electron velocities for 
tube voltages of interest in x-ray applications. 





Potential Velocity 
(Volts) (Miles /Sec ) 
1,000 11,700 
10,000 36,500 
20,000 50,800 
50,000 77,200 
100,000 102,000 
200,000 130,000 
400,000 . 155,000 
1,000,000 175,000 


Fic. 25. Table showing effect of accelerating potential 
on electron velocity. 


In calculating these values, correction has been 
made for the increase in mass of the electron 
as its velocity increases. 

In considering the acceleration of electrons by 
an electrostatic field, it is important to recognize 
that the presence of gas atoms in the inter-elec- 
trode space seriously interferes with the process. 
Fast-moving electrons have a property of ioniz- 
ing gas atoms by collision, producing positive 
ions which, being electrically charged particles, 
move toward the cathode and constitute a re- 
verse current. In this way the gas becomes con- 
ducting and the tube is no longer a pure electron 
discharge device. In the presence of gas atoms, 
the electron is able to move only a short dis- 
tance before collision takes place so that it does 
not have an opportunity to acquire a high veloc- 
ity. Since its kinetic energy increases with the 
square of the velocity, it is evidently important 
to move as many gas atoms as possible from the 
inside of the tube, thus increasing the mean free 
pass between collision to a maximum. 

The bombardment of the anode by particles 
moving at velocities of the order shown in the 
preceding table produces two effects: 


1. The generation of heat at the surface of 
impact. 

2. The generation of invisible radiant energy 
in the form of electromagnetic waves pro- 
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ceeding from the surface of impact and 
slightly below it. 


It is the latter which is the useful product of 
the energy conversion, the x-ray beam. 

For a number of years after Rontgen’s dis- 
covery of x-rays, their nature was not clearly 
understood. It was finally established that they 
were similar to visible light waves except for 
the important difference of having a much 
shorter wavelength. Figure 26 shows the elec- 
tromagnetic spectrum of radiations from cosmic 
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Fic. 26. Table showing electromagnetic radiation spectrum. 


rays to long electric waves, the x-rays being as- 
sociated with gamma rays at their short wave- 
length limit and ultraviolet at the long wave- 
length end. 


The characteristics will be discussed at some 
length in a following section. At this point a 
fundamental relationship between the potential 
applied across the tube and the wavelength of 
the radiant energy may be established. 

The minimum wavelength of the spectrum pro- 
duced by the bombardment is inversely propor- 
tional to the tube voltage. The equation express- 
ing the relation is: 


Ve c 
=h 
Amin 








in which V = tube potential 
(volts) 
e = electronic charge 
4.77 X 10-?° elec- 
trostatic unit 
c = velocity of light 
3 X 10? cm/sec 
h = Planck’s constant 
6.556 X 10°77 
erg sec 
min = short wavelength 
limit of radiation 
Solving for % win 
he 
Xr min ee 
V 


—e 
300 


Substituting the constants, and expressing the 
wavelength in Angstrom units (10-* cm) 


12,354 
Volts 


A min — 





Of the total energy in the cathode stream, only 
a very small portion is effective in the produc- 
tion of x-rays, the remainder being dissipated 
in the form of heat in the anode. An empirical 
formula for the efficiency of x-ray generation is: 


Efficiency = ZV X 10° 
in which Z = atomic 
number of 
target 
V = tube volt- 
age 


Assuming a tube operating at 50,000 volts 
(d.c.) and a current of 20 milliamperes, the 
electrical input, exclusive of filament heating, is 
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1000 watts. If the anode material is tungsten, 
atomic number 74, the efficiency of x-ray pro- 
duction is: 


Efficiency = 74 X 50,000 X 10-° 
= .0037 = 0.37 per cent 


The energy lost as heat in the anode is then 


1000 * 0.9963 = 996.3 watts 
H = .24 Elt calories 


If the electron beam is 10 mm square, the 
dissipation is 99.63 watts/sq mm, a quantity 
which is equal to about 24 calories per second. 
Neglecting heat radiation and conduction from 
the area of electron impact, and assuming a tung- 
sten target of specific heat 0.032, the temperature 
rise at the focal spot is of the order of 750° C. 
per second. 


The X-Ray Tube 


In the design of a vacuum tube specifically 
for x-ray production, the following requirements 
may be predicted from the foregoing analysis. 


1. The source of electrons will be a material 
capable of stable electron emission at ele- 
vated temperature and possessing the nec- 
essary properties of mechanical strength, long 
life, and ease of degassing. Ductile tung- 
sten as a source of electrons in the electron 
discharge tube was first developed by Dr. 
W. D. Coolidge in 1912, and is still univer- 
sally used. 

2. The anode or, more specifically, that por- 
tion of the anode subjected to electron bom- 
bardment, will be a material of high atomic 
number, since the efficiency of x-ray produc- 
tion increases with the atomic number of 
the target material. Tungsten, with an atomic 
number of 74, is generally used. 

3. The target, as described above, must be capa- 
ble of withstanding high temperatures since 
practically the entire electrical input to the 
tube is converted into heat in the area of elec- 
tron bombardment, Because of its high melt- 
ing point, tungsten is a desirable material 
to use for this portion of the anode. 

4. The tube will be operated with a high 
potential difference between the anode and 
cathode in order to impart high velocity to 
the electrons and so to produce x-rays of a 
wavelength suited to the particular applica- 


tion of the tube. This high potential influ- 
ences the design of the x-ray tube and ne- 
cessitates consideration of the over-all length 
of the tube, the thickness of the glass walls, 
the degree of vacuum to which the tube is ex- 
hausted, and the electrode design and con- 
figuration to produce a uniform electrostatic 
field. 

. In order that the current through the tube be 
a pure electron discharge, all gases must be 
pumped out of the space within the bulb to as 
complete a degree as possible, the anode and 
cathode must be thoroughly outgassed by 
special exhaust procedures, and the glass it- 
self must be freed from occluded gases by 
subjection to elevated temperatures during 
the pumping operations. The final pressure 
will be 0.00001 millimeters of mercury or less, 
thus safely reducing the gas atoms capable of 
being ionized by electrons to a number well 
below the safe limit for the potentials em- 
ployed in x-ray practice. 

6. Because high velocity electrons striking the 
target are reflected and collect on the in- 
side surface of the glass walls in the vicinity 
of the anode, attention must be paid to the 
negative potential built up in this manner. 
The shape and size of the anode and cath- 
ode, together with the configuration of the 
glass bulb itself, must be such that freedom 
from puncture and erratic operation are as- 
sured. 

Figure 27 is an illustration of a typical x-ray 
tube utilized in diagnostic applications of which 
Figure 20 is a sectional drawing. 

The electron source is a filament of fine tung- 
sten wire .0085 inch in diameter, coiled in the 
shape of a helix and set into a metal cup in which 
is milled a rectangular slot. The size and shape 
of the electron beam are controlled by: 


. The filament length. 

. The coil diameter. 

. The width of the focusing slot. 

. The length of the focusing slot. 

. The depth of the filament in the cup. 
. The electrode configuration. 


wn 
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The electron beam cross-sectional area is of 
prime importance in determining sharpness of 
radiographic detail and the permissible energy 
output from the tube. Figure 28 shows the effect 





MEDICAL RADIOGRAPHIC TECHNIC 


21 





Fic. 27. Typical x-ray tube used for radiographic application designed for operation up to 100 kilovolts peak. 


of focal spot size on detail sharpness in a ra- 
diographic projection. Due to the fact that x-rays 
are emitted from the entire surface of the focal 
area, a series of shadows of a projected point 
are obtained on the film, which results in a 
diffusion of detail, If the focal spot is decreased 
in size, the projected area of the x-ray source is 
correspondingly decreased and the diffusion of 
detail is reduced. If the angle of the anode is 
changed and made more nearly perpendicular 
to the axis of the tube, the effective projection is 
decreased but the size of film which can be 
covered is correspondingly decreased and the 
variation in effective size from the anode to the 
cathode end of the tube becomes very great. 
Figure 29 is a curve showing the relation of focal 
area to permissible current-carrying capacity for 
a given voltage and time. The focal spot size, 
as a factor affecting the tube rating, will be dis- 





cussed in a subsequent section. 

The electron beam is usually of rectangular 
cross-section with its long dimension about three 
times its width. For a given electron beam, the 
angle of the anode face is made such that a 
square projection results at 90 degrees to the 
long axis of the tube. In most modern x-ray 
tubes used for diagnostic application, the anode 
angle is from 15 degrees to 22 degrees. The area 
effective in heat dissipation is then about three 
times as great as the area over which the x-ray 
source is spread when the latter is observed from 
the point of view of the film directly below the 
center of the anode. 

The filament and the focusing cup are sup- 
ported on a metal cylinder which extends over 
the glass-metal seals through which the filament 
lead wires are brought into the tube. The entire 
structure constitutes the cathode element. 


° 


Fic. 28. Effect of focal spot size on sharpness of projected image. 
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Fic. 29. Comparison of tube ratings for different sizes of 
focal spot, full-wave rectified circuit. 


The source of x-rays is the target, generally 
a rectangular ductile tungsten block approxi- 
mately 0.10 inch in thickness around which is 
vacuum cast a copper anode which serves to re- 
move the heat from the tungsten surface by con- 
duction. Tungsten, because of its low vapor 
pressure and high melting point, can be operated 
at a temperature as high as 2700° C. The copper 








backing serves to conduct the heat from the 
tungsten target to the outside of the tube, and 
is generally in the shape of a massive copper 
block many times larger than the focal area 
itself. With such an arrangement the power in- 
put to the tube may be as much as 250 watts per 
square millimeter of focal area. 

Figure 30 in a photograph of an x-ray tube 
oil-immersed in a shockproof x-ray protective 
casing. The sequence of heat dissipation is as 
follows: from the focal area to the copper 
anode, through the anode to the radiator, from 
the radiator by conduction and convection 
through the oil to the casing, and by radiation 
and convection to the surrounding air. 


X-Ray Tube Rating 

The principal factors limiting the energy rating 
of the x-ray tube are first, the limitation due to 
temperature at the focal area, an excess of which 
may cause melting of the target; second, the 
limitation due to the thermal capacity of the 
tube and casing together with the effectiveness of 
the latter in dissipating heat to the surrounding 
air; and third, the voltage limitation which de- 
termines the maximum kilovolts peak rating and 
is affected by such factors as: the length of the 
tube, the spacing of the elements, the shape of 
the electrode and the envelope, the type of glass 
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Fic. 30. X-ray tube oil-immersed in a shockproof x-ray protective casing. 
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In a later section the characteristics of different 
types of x-ray generators will be discussed more 
completely. The power supplied to the x-ray tube 
is generally single-phase self-rectified, single- 
phase full-wave rectified, or three-phase. In some 
therapy generators, single-phase half-wave recti- 
fiers are used, but none of these are made for 
radiographic generators at the present time, Fig- 
ure 33 shows the comparative energy rating for a 
4.5 millimeter focal spot on the different types 
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Fic. 33. Comparative maximum rating for a 4.5 millimeter 
focal spot on various types of x-ray generators. 


of circuits. It is seen that for the single phase 
supply the tube rating on a full-wave rectified 
generator is higher than that for a self-rectified 
circuit, while the three-phase rating is between 
the two for most time values. 


Cooling Curves 


The rating chart only partially specifies the 
safe operating characteristics of an x-ray tube 
since it indicates the limitation for a single ex- 
posure but gives no information as to the rapidity 
with which the exposures may be made. The 
gradual rise of anode temperature as the tube is 
used will cease only when equilibrium is reached 
between the rate at which heat is generated by 
the electron bombardment of the anode and the 
rate at which it is removed from the tube. Safe 
limits must be specified for the total energy input, 
expressed preferably in electrical units, and the 


time of cooling necessary after the limit is 
reached. Such data are given in cooling curves as 
shown in Figure 34. For convenience in use, an 
arbitrary energy unit is used; namely, the prod- 
uct of kilovolts peak times milliamperes times 
seconds. This is related to the watt-second, and 
can be converted into calories if the effective 
value of the tube voltage is known. For a full- 
wave rectified circuit, assuming a sine wave form, 
the heat input in calories is 

H = 0.24 watt-second 


(.707 


636 
= 0.19 kvp ma seconds (calories) 

It is because kilovolts peak, milliamperes, and 

time are specified factors in x-ray technic that it 

has been found advantageous to utilize them 

rather than the generally employed heat unit, the 

calorie. 

From the curves it is seen that the maximum 
permissible heat input is 250,000 kilovolts peak- 
milliampere-seconds units, and that after such 
a value has been applied, an interval of 30 min- 
utes must elapse before the same quantity can 
again be utilized, or after an interval of five 
minutes, 100,000 heat units can again be put into 
the tube. The rate of cooling depends on the ini- 
tial temperature, being about 25,000 kilovolts 
peak-milliamperes-seconds per minute, starting 
from 250,000 and 4000 heat units per minute 
starting from 50,000. 

In using the chart, the total heat input for a 
series of exposures is computed and if the maxi- . 
mum is reached during the procedure, a time 
interval must elapse based on the energy con- 
tained in the next series of exposures and the 
time for loss of this amount from the tube. For 
example, if after 230,000 heat units have been 
absorbed, it is desired to apply an additional 
70,000. If no cooling period is allowed, the heat 
input will be 300,000 heat units, a value in ex- 
cess of the tube unit. It is necessary to permit the 
tube to cool 50,000 heat units from 230,000, 
which requires, from Figure 34, 214 minutes. 

The rating of a tube for intermittent duty 
cycles of long duration, as in fluoroscopy or 
therapy applications, is simply specified as in 
terms of the number of minutes of operation al- 
lowable in a given time interval at various power 
inputs. For example, the rating of the DX tube 
unit is 85 kilovolts peak and 5 milliamperes, or 


ma) 


= 0.24 (.707 kvp) seconds 
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Fic. 34. Cooling curve for a shockproof radiographic tube unit (DX2-4.5). 


100 kilovolts peak and 4 milliamperes for 10 
minutes of each 20-minute period over a maxi- 
mum period of 3 hours. At 85 kilovolts peak and 
3 milliamperes, the allowable time is 15 minutes 
of each 30-minute period for a maximum of 4 
hours. If a motor-operated cooling fan is mounted 
on the casing, the rating is increased to continu- 
ous duty at 85 kilovolts peak and 5 milliamperes 
or 100 kilovolts peak at 4 milliamperes. 

Some tubes designed for continuous operation 
are provided with hollow anodes through which 
oil is circulated as a cooling medium. Such tubes 
are extensively used in deep therapy and indus- 
trial radiography applications. 


Filament Emission Characteristics 


Thus far two forms of expression of the ca- 
pacity of an x-ray tube have been discussed: the 
rating chart which gives the focal area limitation 
for single exposure, and the cooling curves which 
describe the total tube heat capacity and rate of 
heat loss for a series of exposures. There is a third 
set of characteristics which is quite important in 
the operation of the tube, particularly for the 
high-milliampere short-time exposures used in 
roentgenographic procedures. These are the 
curves showing the relation of filament current to 
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emission or tube current expressed in such form 
that it is possible to pre-set the filament ammeter 
for any desired milliampere value. 

For the higher values of allowable tube cur- 
rent, the permissible exposure times are too short 
for a preliminary setting of the filament current 
by observation of the milliammeter during a test 
exposure. Even for those values where the rating 
permits testing, this may account for an appre- 
ciable portion of the life of a tube and should for 
this reason be avoided. 


Filament Increment Curves 


In order to obtain satisfactorily accurate fila- 
ment current settings, independent of the inertia 
of the milliammeter and without the necessity for 
testing the tube preliminary to an exposure, 
charts known as filament increment curves are 
employed. With the filament characteristics of a 
tube given as determined for a given type by 
experiment, it is possible to establish, without 
testing, the filament current for any desired tube 
current value and kilovoltage. Figure 35 shows a 
set of three curves obtained for a 4.5 millimeter 
focal spot in a shockproof oil-immersed tube. 
With these curves it is possible to read the fila- 
ment current for any desired value of kilovolts 
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Fic. 35. Emission characteristics for a 4.5 millimeter focal 
spot on a full-wave rectified generator. 


peak and milliamperes, and to set the ammeter 
accordingly, The curves, however, apply only to 
the tube for which the data has been collected, 
and for its change as the filament characteristics 
change during the life of the tube. 

In actual practice, this procedure is modified 
somewhat so that all tubes of a given type can be 
represented by a family of curves which do not 
change with filament life and any particular tube 
is fitted to this data by a preliminary checking 
operation well below the energy limitation of the 
tube. These curves are obtained from data on a 
large number of tubes of a given type (same elec- 
trode dimensions, same spacing, same bulb diam- 
eter, and same configurations). Any particular 
tube is then fitted to the curve by the determina- 
tion of a single emission value, low enough so 
that the tube may be safely operated for a time 
sufficient to allow the milliammeter to come to 
rest, this being two seconds or longer. The test 
value is 50 milliamperes on a full-wave circuit, 
and 25 milliamperes on a half-wave circuit, the 
tube voltage being 70 or 80 kilovolts peak. The 
filament current for 50 milliamperes (full-wave) 
is the baseline from which, with the filament in- 
crement curve, all filament settings for the higher 
milliampere and kilovolts peak values can be 
quickly determined. Filament evaporation does 
not affect the accuracy of the method because 
the baseline setting may be rechecked at fre- 
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quent intervals during the life of the tube and 
corrections made to all current settings by the 
amount of the baseline change. 

As an illustration, assume that the base setting 
for a tube is 4.20 amperes. The filament setting 
for 200 milliamperes and 80 kilovolts peak is to 
be found. Referring to Figure 36, the increment 
for 200 milliamperes and 80 kilovolts peak is 0.44 
amperes, which, added to 4.20, gives 4.64 as the 
200-milliampere setting. As long as the base value 
continues at 4.20, this will be correct and any 
changes over the tube life period can be deter- 
mined by checking the 50-milliampere setting at 
regular intervals, preferably every 100 exposures. 
The accuracy of the method depends on the de- 
gree of variation permitted between the type 
curves and each individual tube. This is a prob- 
lem of production control and is subject to a 
satisfactory degree of accuracy. The actual mil- 
liampere values obtained by this indirect method 
are in most instances slightly below those values 
given in the curves. Radiographically, however, 
the effect of this variation on film density is 
scarcely perceptible while from the standpoint of 
tube safety the latitude always is on the con- 
servative side. 

It has been found from experience that a 
simplification of the method may be introduced 
by determining the filament increments for but 
one tube voltage, the highest which is likely to be 
utilized, usually 90 kilovolts peak. This figure is 
then used regardless of the kilovolts peak em- 
ployed with the assurance that the tube current 
will never be greater than the desired value. It 
will decrease at lower potentials, but due to the 
compensating effect of transformer regulation, 
the voltage will be slightly over the anticipated 
value so that the two effects on film density 
practically cancel one another. 


Effect of Space Charge 


The fact that space charge does exist in every 
hot cathode tube means but little unless the 
operator understands its effect on the radiograph 
as well as on the x-ray tube. 

As previously explained, the temperature of the 
tube filament governs the current (milliamperes) 
through the tube under certain conditions. Fur- 
ther, milliamperage is controlled by varying the 
tube filament temperature by changing the tube 
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filament current (amperes). However, the op- 
erator must bear in mind the influence of kilo- 
volts peak on milliamperes, even though the tube 
filament temperature is constant. 

The filament increment curves take this into 
consideration, and a careful study of these curves 
for a given tube and focal spot size will reveal 
that unless the proper recognition is given to the 
effect of space charge, consistent results will be 
impossible, and, further, the tube may be seri- 
ously damaged due to overload. 

As the kilovolts peak value is varied for a given 
filament temperature, the milliampere value in 
turn is changed. The igher the kilovolts peak 
for a given filament temperature, the higher the 
milliamperes. The lower the kilovolts peak for a 
given filament temperature, the Jower the milli- 
amperes. 

The lower the milliampere value being em- 
ployed, the less the effect of space charge. The 
higher the milliampere value, the greater the ef- 
fect of space charge. 

For example, if the tube filament temperature 
is set for 30 milliamperes, 40 kilovolts peak, an 
increase in kilovolts peak to 80 would cause only 
a slight increase in milliamperes. However, if the 
tube filament temperature is set for 100 milli- 
amperes at 40 kilovolts peak, an increase to 80 
kilovolts peak would cause an appreciable in- 
crease in milliamperes. As the milliamperes are 
increased still further, the change becomes more 
marked. This increase is such that not only will 
radiographic quality be affected, but serious 
damage to the tube may result. 

Consequently, except when this effect is auto- 
matically controlled in the apparatus, the fila- 
ment settings must be varied to maintain a 
constant milliamperage over wide changes in 
kilovolts peak. 


Effect of Filament Evaporation 


It is well to repeat that all x-ray tube filaments 
evaporate over a period of time. The rate of 
evaporation depends mostly upon the tempera- 
ture of the filament and the length of time it is 
lighted. Especially does this apply to leaving the 





Fic. 36. Filament increment data for a 4.5 millimeter focal 
spot on a full-wave rectified generator. 
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filament “ON” for sustained periods of time at 
the higher temperatures. 

The effect of filament evaporation is to in- 
crease its temperature for a given ampere value. 
The result is that the milliamperage through the 
tube increases, oftentimes without the operator’s 
knowledge, particularly if high milliampere, 
short-time exposures are being used. As the mil- 
liamperage increases, the kilovoltage decreases 
(depending upon regulation of the circuit), but 
ordinarily not enough to offset danger to the 
tube. (See tube rating charts for the effect of 
milliampere changes versus voltage changes on 
the tube.) 

Thus the recommendation to check the base- 
line milliampere value every 100 exposures, and 
make the necessary adjustment of filament cur- 
rent to compensate for filament evaporation. 


Milliampere-Second Meter 


The milliampere-second meter is a device which 
measures the product of milliamperes and time. It 
is designed electrically and mechanically so that 
the indicator (needle) is very slow moving. This 
design permits the operator to readily read the 
excursion of the indicator on the dial, which is 
calibrated in miliiampere-seconds. 

This meter should be used only in combination 
with an impulse timer if dependable results are to 
be obtained. It should be obvious that the timer 
must be both accurate as to time and consistent 
in operation. All timers other than the impulse 
type vary, particularly in consistency. For ex- 
ample, plus or minus 10 per cent or more for 1/20 
to 1/10 second will be reflected in the reading of 
the milliampere-second meter. As its primary 
purpose is to establish the milliampere value, it 
can be seen that if the time factor is unknown, 
the milliampere-second reading means little or 
nothing to the operator. 

If used as a means of adjusting the filament 
ammeter for a desired milliampere value, using 
a timer other than the impulse timer, some de- 
gree of accuracy can be established by making 
exposures of a spinning top (Chapter IV) reading 
the milliampere-seconds at the same time. Thus, 
with the time known, the milliamperes can be 
computed from the milliampere-second value. 

As previously stated, proper increment curves 
make possible the pre-setting of milliamperes 


without the necessity for testing the tube at 
harmful values. Procedures necessitating the 
minimum of tube testing provide for longer tube 
life. 


The Rotating-Anode Tube 


The limitation in energy rating of an x-ray 
tube set by the temperature of the focal area has 
been offset to a great extent by the development 
of the rotating-anode tube. If the area of electron 
bombardment on the target is moved with respect 
to the electron stream so that for the entire dura- 
tion of an exposure the surface under impact is 
constantly changing, then no portion of the anode 
surface will be subjected to continuous electron 
bombardment as in the case of the stationary- 
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Fic. 37. Diagram showing electron impact area and total 
area of bombardment for a rotating-anode. 


anode tube. Figure 37 is a diagram of a disc 
anode which is bombarded by an electron stream 
of rectangular cross-section in a small area on its 
periphery. The disc is made to rotate during the 
period of operation so that the portion of the 
anode bombarded by electrons is a ring, the outer 
circumference of which is approximately the same 
as the outer circumference of the anode itself, and 
the inner circumference of which is determined 
by the length of the focal spot. The anode angle 
and dimensions of the electron stream are so 
arranged that the projection is a square when 
measured in the usual way. Figure 38 shows a 
cross-section of a rotating-anode tube of current 
design. A solid tungsten disc is cast into a mas- 
sive black coated copper anode which greatly in- 
creases the radiating area and the heat storage 
capacity of the tube. The copper anode rotates 
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Fic. 38. Cross-section of a rotating-anode tube showing principles of design. 
on an axis through the center of the tube with _ periphery of the tungsten disc, 


the filament offset with respect to this axis so as The focal area is fixed in size and shape, but 
!o direct the electron stream against the beveled _ the region of bombardment on the disc is, for one 
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Fic. 39. Comparison of tube rating for rotating- and stationary-anodes with same focal areas. 
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complete revolution, a ribbon equal in length to 
the disc circumference and in width to the length 
of the focal area as shown in Figure 37. With the 
speed of rotation of 3400 revolutions per minute, 
it is evident that the disc rotates once in 1/56 
second. For a projected focal area 2 millimeters 
square on a 15-degree target, the actual bombard- 
ment takes place over an area 7.5 millimeters 
wide and 150 millimeters long. In a stationary- 
anode tube with the same projected focal area, 
the dimensions of the area of electron bom- 
bardment would be 7.5 millimeters by 2 milli- 
meters. 

The current-carrying capacity of the rotating- 
anode tube for a given projected focal area is 
much greater than that of the stationary-anode 
tube, while for equivalent ratings the rotating- 
target tube will have a much smaller focal area 
than the stationary-anode tube. For a 2-milli- 
meter focal spot, the ratio is 750 per cent at 1/20 
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second, and 500 per cent at 10 seconds. For a 1- 
millimeter focal spot, it is 640 per cent at 1/20 
second, and 560 per cent at 10 seconds. Figure 39 
shows comparative ratings in terms of tube cur- 
rent at a constant kilovolt peak value for rotating 
and stationary anode tubes used on 60-cycle, full- 
wave rectified circuits at 85 kilovolts peak. A 
stationary-anode tube with the same energy rat- 
ing as the 2-millimeter focal spot of a rotating- 
anode tube would require a focal spot of ap- 
proximately 6 millimeters by 6 millimeters. To 
duplicate the rating of the 1-millimeter focal spot 
rotating, a focal spot approximately 4 millimeters 
by 4 millimeters would be required on a station- 
ary-anode tube. By the principle of anode rota- 
tion, the advantages of high power, short-time 
radiographic technics are obtained without the 
sacrifice in detail sharpness caused by large focal 
spots ordinarily necessary to handle adequately 
the increased power. 
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Basic X-Ray Generating Circuits 
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N CHAPTER I the fundamental concepts of 

voltage, current, and resistance were dis- 

cussed, and the alternating-current trans- 
former in the three forms utilized in x-ray 
practice was developed; in Chapter II the essen- 
tial principles of x-ray production with their 
elaboration in the form of the x-ray tube were 
discussed. In Chapter ITI these elements will be 
combined into x-ray generators of the type gen- 
erally employed in modern diagnostic practice. 
The essential elements of the simplest form of 
such a circuit are illustrated in Figure 40 and 
consist of: 

1. A filament transformer to supply heating 
current to the filament of the x-ray tube. 

2. A rheostat for controlling the filament cur- 
rent. 

3. An ammeter for indicating the filament cur- 
rent, 

4. A transformer to supply the necessary volt- 
age for electron acceleration (high voltage 
transformer). 

5. An autotransformer for controlling the ac- 
célerating voltage. 

6. A line voltage compensating control and in- 
dicating voltmeter. 

7. A milliammeter for indicating tube current. 

8. A switch for initiating and terminating the 
X-ray exposure. 

9. A line switch for disconnecting the entire 
apparatus from its power supply. 

It is desirable to analyze the action of the 

various components of this circuit, since from it 
a considerable amount of information can be ob- 
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tained regarding even the most elaborate and 
complex modifications which are found in present- 
day generators. 

Starting with the filament heating circuit, up- 
per left in Figure 64, the filament is connected 
directly to the secondary winding of the filament 
transformer which, from the discussion in the 
preceding chapter, is recognized as a device for 
insulating the filament and reducing the power 
supply potential to approximately 10 volts as re- 
quired by the tube filament. The filament poten- 
tial and current are controlled by a variable 
resistance unit, or rheostat, Figure 41, acting in 
the primary circuit of this transformer. The 
total line voltage is divided between that nec- 
essary to overcome the resistance of the rheostat 
and that impressed across the primary winding 
of the filament transformer. The variable drop 
across the former fixes the latter, which in turn 
establishes the filament current. The ammeter 
in the filament circuit is shown in the primary, 
a common practice since it is then at low poten- 
tial and may be mounted on the control stand. 
Were it placed in the secondary circuit for direct 
reading, its potential with respect to ground 
would be that of the cathode of the x-ray tube, 
which is half the full tube voltage. It would 
be necessary then to mount the meter with 
sufficient clearance to insulate it for as much as 
50 kilovolts peak from surrounding objects. This - 
was general practice in older x-ray installations 
in which the open type overhead conductors were 
utilized for connecting the transformer to the 
x-ray tube. Now that shockproof apparatus is 
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Fic. 41. Rheostat or variable resistance for controlling filament current to the x-ray tube. 


almost universally used, and high-tension con- 
ductors are not accessible, the filament ammeter 
is made a part of the primary circuit. From what 
has previously been said of the importance of 
filament current settings in predetermining tube 
current, the necessity of calibrating this primary 
meter to read secondary amperes is recognized. 
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The meter scale 
thus indicates a 
value several times 
the current actually 
flowing through the 
instrument, but with 
proper compensa- 
tion to take care of 
variations in the 
over-all circuit of 
the secondary, the 
method is_ highly 
satisfactory and quite generally employed. 

The secondary winding of the step-up trans- 
former is connected directly across the x-ray 
tube, one terminal to the anode and the other 
to the filament circuit (cathode). The voltage 
across the winding will be as high as 100 kilo- 
volts peak in a circuit of this type for diagnostic 
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radiography, but the design is generally such 
that the midpoint of the secondary is grounded 
with the result that the ends are at a maximum 
of half the total voltage or 50 kilovolts peak. The 
primary of the transformer is controlled through 
the autotransformer and energized by the opera- 
tion of a timing switch as indicated on the dia- 
gram, Since the ratio of transformation of the 
step-up transformer is fixed, secondary voltage 
variation is affected by varying the primary 
voltage over a wide range in a large number of 
small steps with the autotransformer control. 
In a typical equipment having 52 steps of 
autotransformer control, the total range of varia- 
tion is 172 volts. With a step-up ratio of 300 to 1, 
each siep on the autotransformer results in a 
change of 1000 volts, effective value, or 1.4 
kilovolts peak. The circuit from the autotrans- 
former is completed to the primary source of 
power through the voltage compensator control 
which, as has been previously described, is a se- 
lector for maintaining a fixed input voltage as 
indicated on the voltmeter, despite fluctuations 
in the supply voltage. This insures constancy 
of calibration, since then the autotransformer 
control setting will always maintain correspond- 
ence with the calibration voltage for each setting. 

With the provision of a compensated line volt- 
age, the setting of the autotransformer is an ac- 
curate indication of the x-ray tube potential when 
properly calibrated. Figure 42 is a typical cali- 
bration chart for a 100-milliampere generator. 
The chart is read quite simply by selecting the 
kilovolt peak value in the left or right hand 
column and following the figures to the column 
corresponding to the tube current (milliamper- 
age) to be employed. The kilovolt selector (auto- 
transformer) setting, can be depended upon to 
give the correct voltage value to an accuracy 
of plus or minus 2 kilovolts peak from the antic- 
ipated value. For example, if the tube current is 
100 milliamperes, 70 kilovolts peak is obtained at 
autotransformer setting 34. For a given setting 
of the autotransformer, the output voltage of the 
high tension transformer decreases with increas- 
ing tube current. This characteristic can readily 
be seen from the chart in which, for example, 
position 34 corresponds to 70 kilovolts peak at 
100 milliameperes, 75.4 kilovolts peak at 50 mil- 
liamperes, and 78.2 kilovolts peak at 10 milliam- 


peres. This is a typical property of all trans- 


.formers, the terminal voltage decreasing as the 


current through the secondary winding increases, 
and is in effect due to the increased voltage drop 
in the entire electrical circuit, including the high 
tension transformer, the autotransformer, the 
power line to the electric generating station, and 
all component connecting wires and circuit ele- 
ments, 

The arrangement of Figure 40 is intended 
merely to represent the basic elements of one of 
the most commonly used types of x-ray appara- 
tus, the self-rectified circuit. 


Theory of Operation, Self-Rectified 
Generator 


With the development of the transformer, 
Chapter I, it was shown that its voltage output 
is an alternating wave of approximately the shape 
shown in Figure 43, in which the direction 
reverses at regularly recurring intervals with suc- 
cessive half waves of the same shape. One com- 
plete set of positive and negative values, as 
from A to C in the figure, is one cycle of the 
alternating voltage; the number of such cycles 
through which the voltage passes in one second 
is the frequency, such as 60 cycles per second. 
It will be recalled also that in the elementary 
analysis the sine wave form is used, developed 
from the fact that in the alternating current 
dynamo output, the voltage amplitude at any 
time is proportional to the sine function of the 
angle passed through by the electromotive force 
producing coil. Whatever distortions or variations 
from this theoretical form may actually be 
present will not affect the validity ot tlie ex- 
planations to follow relative to the operation of 
the self-rectified x-ray generator. 

Referring to Figure 40, it is seen that the 
high tension transformer secondary is connected 
across the x-ray tube, one terminal to the anode 
and the other to the cathode or filament circuit. 
These are shown as Y and X respectively. 
When the transformer primary is energized, a 
potential difference is established between X and 
Y, which varies with time as shown in Figure 
43, the maximum value for which is indicated 
by Emax, commonly called the peak voltage or 
kilovolts peak. Considering the potential at X. or 
Y with respect to ground, the same type of alter- 
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KILOVOLT SELECTOR BUTTON 





Kv. P. | 10-20 Ma. 30 Ma. 50 Ma. 60 Ma. 75 Ma. 100 Ma. _—(| Kv. P. 
33.0 1 2 3 4 5 7 33. 
34.3 2 3 4 5 6 8 34.3 
35.7 3 4 5 6 7 9 35.7 
37.1 4 5 6 7 8 10 37.1 
38.4 5 6 7 8 9 11 38.4 
39.8 6 7 8 9 10 12 39.8 
41.2 zu 8 9 10 11 13 41.2 
42.5 8 9 10 11 12 14 42.5 
43.9 9 10 11 12 13 15 43.9 
45.3 10 11 12 13 14 16 45.3 
46.6 11 12 13 14 15 17 46.6 
48.0 12 13 14 15 16 18 48.0 
49.4 13 14 15 16 17 19 49.4 
50.7 14 15 16 17 18 20 50.7 
52.1 15 16 17 18 19 21 52.1 
53.5 16 17 18 19 20 22 53.5 
54.8 17 18 19 20 21 23 54.8 
56.2 18 19 20 21 22 24 56.2 
57.6 19 20 21 22 23 25 57.6 
58.9 20 21 22 23 24 ' 26 58.9 
60.3 21 22 23 24 25 27 60.3 
61.7 22 23 24 25 26 28 61.3 
63.0 23 24 25 26 27 29 63.0 
64.4 24 25 26 27 28 30 64.4 
65.9 25 26 27 28 29 31 65.9 
67.2 26 27 28 29 30 32 67.2 
68.6 27 28 29 30 31 33 68.6 
70.0 28 29 30 31 32 34 70.0 
71.3 29 30 31 32 33 35 71.3: 
72.7 30 31 32 33 34 36 72.7 
74.1 31 32 33 34 35 37 74.1 
75.4 32 33 34 35 36 38 75.4 
76.8 33 34 35 36 37 39 76.8 
78.2 34 35 36 37 38 40 78.2 
79.5 35 36 37 38 39 41 79.5 
80.9 36 37 38 39 40 42 80.9 
82.3 37 38 39 40 41 43 82.3 
83.6 38 39 40 41 42 44 83.6 
85.0 39 40 41 42 43 45 85.0 





Fic. 42. Typical calibration chart for a 100-milliampere radiographic generator. 


nating wave describes the voltage cycle. The 
time at which the positive maxima occur at the 
two points will be one-half cycle apart. If the 
curve shown represents the potential of Y, which 
would be the reverse for X, starting at zero and 
increasing in a negative direction while Y in- 


creases in a positive direction, the maximum po- 
tential difference occurs at a point midway be- 
tween A and B. From a previous discussion of 
the theory of the x-ray tube, in Chapter II, some 
information relative to the current flow is ob- 
tained, 
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Fic. 43. Alternating voltage wave shape as obtained at 
transformer terminals. 


It will be recalled that the negatively charged 
electrons emitted by the x-ray tube filament 
are accelerated in the direction of the anode 
when the latter is positively charged so that 
current passes through the tube only when Y 
is positive with respect to X. Since this condi- 
tion exists only for one-half of each alternating 
cycle, the x-ray tube permits current flow during 
alternate half cycles and suppresses the current 
flow during the successive half-cycles. In Figure 
44 is shown the variation of x-ray tube current 
with time, with the time scale of the latter 
conforming to Figure 43, which may be taken 
to represent the anode potential at Y. The 
current wave starts at zero with zero potential 
difference across the tube, increasing with in- 
creasing positive potential on Y to a maximum 


Y POSITIVE 
X NEGATIVE 


Y NEGATIVE 
X POSITIVE 
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Fic. 44. Variation of x-ray tube current in a 
self-rectified circuit. 


value Imax Which occurs at the same time as Emax. 
The current then decreases, reaching zero at 
time B, 14F seconds later. The voltage on Y 
then increases, but with polarity reversed, to a 
negative maximum and falls to zero at time C. 
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The tube current is blocked off by the reversed 
polarity and remains at zero from B to C or “%4F 
seconds. At C, the cycle begins its repetition. On 
60-cycle supply, these changes take place each 
1/120 second, the current flowing through the 
the tube on alternate impulses. 

It is important to note that the x-ray tube 
has high voltage impressed across it during the 
non-conducting half cycle. 


Limitations of the Self-Rectified 
Circuit 

The maximum voltage across the x-ray tube on 
the useful half cycle is less than on the inverse 
non-conducting half cycle. The reason is that un- 
der conditions of load, voltage drops occur in the 
secondary and primary of the high tension 
transformer, in the autotransformer, and in the 
line supplying power which reduces the available 
voltage to the x-ray tube. For example, with 
the useful voltage of 85 kilovolts peak, the in- 
verse voltage might be 120 kilovolts peak. The 
equipment and x-ray tube would then have to be 
designed to withstand the stress of the higher 
voltage and would, as a result, be larger and 
heavier than if it could be designed for 85 kilo- 
volts peak. The magnitude of this difference be- 
tween useful and inverse voltage increases with 
the milliamperage output of the cransformer. 
Obviously this is a limitation of the use of self- 
rectified equipment. In practice, 100 milliamperes 
is the upper limit commonly set for radio- 
graphic machines. Further mention will be made 
of this fact in a later section, page 46, on the 
“Inverse Reducer.” 

A second limitation to the use of a self-rectified 
circuit is that it limits the energy rating of an 
x-ray tube. There are two reasons for this: the 
danger of reverse current in the x-ray tube, that 
is, from the anode to the cathode, and the high 
peak current and consequent focal spot tempera- 
ture for a given average milliamperage. 

If the focal spot of the anode is heated to a 
temperature high enough to emit electrons, keep- 
ing in mind that it, like the filament, is made 
of tungsten, these electrons will be accelerated 
in the reverse direction on the inverse half 
cycle. The filament will then be bombarded by 
high speed electrons, and its temperature raised 
beyond the value fixed by the filament current. 
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An x-ray tube can be completely destroyed by 
operation under conditions of inverse emission, 
for inverse current may cause damage to the fila- 
ment or a portion of the cathode focusing cup, 
which has a much lower melting point than the 
tungsten filament itself. It is essential then to 
limit the operating temperature of the focal 
area to a point well below that at which destruc- 
tive electron emission takes place, the reduction 
being necessitated by the fact that the voltage 
across the tube reverses itself each half cycle. 
The current-carrying capacity of a given focal 
area is thus limited to a value substantially less 
than that which would be permissible if no re- 
versal took place. 

For a given average tube current, the peak 
value of current and the resultant peak of focal 
spot temperature is higher on a self-rectified gen- 
erator than it is on a power supply in which both 
halves of the voltage wave are utilized. Tube rat- 
ings are based on the average current as read on 
a milliammeter of the direct current D’Arsonval 
type of milliammeter. Such a meter is so con- 
structed that the coil which deflects the pointer 
assumes a position directly proportional to the 
average value of the current over any number 
of cycles. The coil moves in a uniform field with 
a uniform gradiant of the restraining forces so 
that the torque acting on the moving element is, 
at any instance, proportional to the instantaneous 
value of the current in the coil. The mass of the 
moving system is sufficiently great, however, that 
with rapid pulsation, as in Figure 44, the coil 
will assume a constant deflection which is direct- 
ly proportional to the average value of the cur- 
rent. Referring to Figure 44, the full cycle ex- 
tends from A to C of time duration 1/60 second 
on 60-cycle current. The instantaneous value of 
the deflecting part of the meter follows the cur- 
rent variation from A to B and falls to zero from 


Vo Sec. 
SELF-RECTIFIED 115 MA. 

x5 
ce sa ) FULL-wave 230 MA. 
5B ease { SELF-RECTIFIED 35 MA. 
- ; | FuLL-wave 70 MA. 


B to C. The meter pointer, however, assumes a 
constant position that is considerably less than 
the maximum value Ix which actually flows 
through the circuit. 

The ratio can be calculated, assuming a sine 
wave of current for the half cycle AB. The aver- 
age value of a half cycle is 


2 
Tay = — Imax = 0.636 Imax 
™ 


From B to C, the current value is zero and the 

time is the same as that for the half cycle A-B. 

The average value for the entire cycle, then, is, 
2 

lv=’X—I 

Tv 


or = Imax = 3.14 Tay 





max = 0.318 Imax 


The maximum value of current is approximate- 
ly three times the average value as read on the 
milliammeter for a self-rectified circuit. The x-ray 
tube focal area must then be sufficiently large to 
withstand an instantaneous current of more than 
three times the indicated value. Since the x-ray 
output is proportional to the average current and 
the temperature more nearly proportional to the 
maximum, it can be recognized that the unused 
half cycle reduces directly the permissible x-ray 
output per square millimeter of focal area. 

If both halves of the voltage wave, A-B and 
B-C of Figure 43 could be utilized, the ratio of 
maximum to average current would be: 


Imax = 1.57 Tay 


so that the focal area of the tube would be re- 
quired to withstand a maximum instantaneous 
value of less than twice the average value as 
read on the milliammeter. Since meters read aver- 
age values and tube ratings are therefore ex- 
pressed in terms of average current, it is to be 
expected that the ratings for identical focal areas, 


Fluoro- 

VY, Sec. 5Sec. 10Sec. 30Sec. scopic 

90 MA. 60 MA. 50 MA. 35 MA. 5 MA. 
175 MA. 95 MA. 72 MA. 45 MA. 5 MA. 
32 MA. 27 MA. 25 MA. 20 MA. 5 MA. 
58 MA. 40 MA. 35 MA. 25 MA. 5 MA. 


Fic. 45. Table showing comparative ratings on self-rectified and full-wave rectified circuits for 
focal spots 4.5 millimeters and 2.0 millimeters. 
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even without the limitation of inverse emission, 
will be substantially less for the self-rectified 
circuit than they might be for a generator in 
which the anode potential remains positive for 
both half cycles of voltage. Figure 45 lists com- 
parative ratings on self-rectified and full-wave 
rectified operation for focal spots of 4.5 mm? and 
2.0 mm?, the values being taken at 80 kilovolts 
peak, single phase, 60 cycles, It is seen that for 
the very short exposures of 1/10 to % second, 
the ratio of current ratings is approximately two 
to one. For the longer exposures, the heat ca- 
pacity and radiating ability of the entire anode 
tend to average out the pulsations in energy input 
to the tube. The 30-second ratings, for example, 
are different by only 20 per cent, while the long 
time fluoroscopic ratings are the same for a given 
tube design regardless of type of circuit and, 
within very broad limits, the focal area itself. 

It follows that for comparable current rat- 
ings, a tube operated on a self-rectified circuit 
will require a larger focal spot than one operated 
on a full-wave rectified circuit. Figure 46 is a 
set of comparative focal spot sizes for the same 


Self- Full- 
Rectified Wave 
2.0 mm.? 1.3 mm.? 
3.5 mm.? 2.2 mm.? 
4.5 mm.? 2.8 mm.? 
4.9 mm.? 3.2 mm.? 
5.2 mm.? 3.4 mm.? 


Fic. 46. Table showing comparative focal areas for the 
same ratings on full-wave rectified and self-rectified 
circuits. 


current rating on 60-cycle, single-phase genera- 
tors, the time values for the comparison being 
arbitrarily selected as 1 second. It is evident 
that from the standpoint of detail sharpness in 
the radiograph there is preference for a 2.8 mm? 
focal spot in comparison to its self-rectified 
equivalent, 4.5 mm?, or for a 2.2 mm? focal 
spot over one of 3.5 mm?. There is, however, a 
factor of critical unsharpness which acts to make 
these differences less objectionable than one 
might suppose on casual examination, but which 
more definitely sets the upper limit of focal area 
beyond which sharpness of the image rapidly be- 
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comes unacceptable. To make this point clear, 
a 100 milliampere self-rectified generator will 
usually be operated in conjunction with a tube 
whose large focal spot is approximately 4.5 mm?, 
maximum rating 85 kilovolts peak, 100 milli- 
amperes, 2/10 second. A full-wave rectified unit 
would require for comparable rating and output, 
a 2.8 mm? spot which would produce a visibly 
sharper radiographic image, all other factors re- 
maining fixed. If, however, it were desired to 
operate a 200-milliampere generator self-recti- 
fied, the focal spot required would be at least 
6.0 mm?, a quite unsatisfactory combination. 
The resultant image would be so lacking in 
sharpness that it would be far less satisfactory 
than that obtained with a 4.5 mm? focal spot in 
twice the time of exposure. By such considera- 
tions, the upper practical limit for self-rectified 
generators is established, as is the lower limit 
for full-wave rectifiers, beyond which no eco- 
nomic justification exists for the small gain in 
detail sharpness. At present, the largest self- 
rectified diagnostic unit has a rated capacity of 
100 milliamperes at 85 kilovolts peak; for higher 
current ratings, the rectified circuit is employed. 
The self-rectified circuit is also extensively em- 
ployed in x-ray generators for deep therapy and 
industrial radiographic applications in which the 
voltage rating is 200 kilovolts peak, 220 kilo- 
volts peak, 400 kilovolts peak, and 1000 kilo- 
volts peak, the currents being 15 milliamperes or 
less. 


Valve Tube (Kenotron) Rectification 


In discussing the theory of operation of the 
self-rectified x-ray generator, the limitations im- 
posed by inverse voltage and form factor of the 
current wave were shown to lead to: 

1. Requirements of focal areas larger than 
those which could be empftoyed if both 
half waves of the alternating current cycle 
were utilized. 

2. The establishment of a practical limit be- 
yond which increased tube capacity would 
not be accompanied by improvement in de- 
tail sharpness of the radiograph, the focal 
area unsharpness increasing at a greater 
rate than the improvement effected by re- 
duction in exposure time. 

Modern generators for radiographic applica- 
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Fic. 47. Kenotron rectifying tube designed for oil-immersed operation, maximum rating 140 kilovolts peak. 


Fic. 48. Cathode 
structure of a keno- 
tron rectifying tube 


showing tungsten 
filament and sup- 
porting spiral. 





tions with a capacity of more 
than 100 milliamperes are 
mainly full-wave __ rectified 
units, employing four high- 
voltage hot-cathode rectifier 
tubes. 

Figure 47 is a photograph 
of a rectifier tube (kenotron) 
designed for use in 200 and 
500 milliampere radiographic 
generators with a maximum 
voltage rating of 140 kilovolts 
peak. The kenotron consists 
of a cylindrical anode which 
surrounds a co-axial tungsten 
filament, Figure 48,  sup- 
ported by a heavy molyb- 
denum spiral which forms 
part of the tube filament cir- 
cuit. The tube is highly evac- 
uated, requiring the same 
type of preparation and ex- 
haust procedure as is applied 
to the x-ray tube. 

Like the x-ray tube, the 
kenotron is a _ two-element 
hot-cathode tube which con- 
ducts current by means of 
electron emission from the 
tungsten filament. It differs 
from the x-ray tube, however, 
in the conditions of operation. 
The x-ray tube operates with 
a high voltage drop, the tube 
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current being limited by the emission from the 
filament, an increase of filament temperature 
being accompanied by a great increase in tube 
current, as shown in Figure 24. The current is 
“emission limited” under which conditions the 
voltage drop may be made sufficiently high to 
produce x-rays of any desired wavelength. 

The kenotron tube is operated with very high 
emission from a heavy filament of large surface 
area operating at high temperature, as indicated 
in Figure 49, The space charge is reduced to a 
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Fic. 49. Emission characteristic for a kenotron tube. 
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Fic. 50. Basic circuit for a bridge type full-wave kenotron rectifier. 


minimum by employing an anode of large 
surface completely surrounding the kenotron 
cathode. So designed, the voltage drop across a 
single kenotron supplying full load current to a 
500-milliampere x-ray tube is about 3 kilovolts 
peak. Such a tube operates so that the current 
through it is ‘‘space-charge limited” and must 
always have sufficient electron emission to insure 
that more than the number necessary to supply 
the x-ray tube load are available. Under any 
other circumstances the kenotron will be emis- 





sion limited and dissipate energy of electron 
bombardment in its anode beyond the capacity 
of the tube, resulting in its damage or destruction. 


The Full-Wave Kenotron Rectifier 


The operating principles of the full-wave keno- 
tron rectifier are illustrated in Figures 50, 51, and 
52. Four kenotron tubes are shown in what is 
called a “bridge” arrangement, the type most 
frequently used in x-ray practice. In the in- 
terest of simplicity, only the necessary elements 
of the circuit are shown with the understanding 
that the kenotron and x-ray tube filaments are 
energized from insulated step-down transformers 
of the type already discussed, that some form 
of current indicating meter is connected at the 
point M in the transformer secondary, and that 
the necessary switches and controls are part of 
the primary circuit. 

The kenotron, like the x-ray tube, conducts 
current only when the anode is positive with 
respect to the cathode. When the reverse is 
true, the tube is no longer conducting, acting 
as an “open” in the circuit. Consider that the 
voltage wave, Figure 51, corresponds to the po- 
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Fic. 51. Transformer voltage variation with time. 
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Fic. 52. X-ray tube current variation with time. 


tential to ground of the transformer terminal Y 
in Figure 50. This sine wave of alternating volt- 
age has already been discussed in a previous 
section on the self-rectified circuit where may be 
found further explanation regarding the nature 
of its variation with time. Refer to Figure 43 
and Figure 44 on page 36. 

With terminal Y positive with respect to 
ground or zero potential, X will be negative by 
an equal voltage. From Figure 50 it is seen that 
the anode of kenotron No. 4 and the cathode 
of kenotron No. 1 are connected to the highest 
positive and the lowest negative points in the 
circuit. Under these conditions current will be 
conducted through these tubes which, because 
they operate with very little voltage drop, bring 
potential Y to the anode of the tube and X 
to the cathode. Essentially the full transformer 
voltage is thus applied to the x-ray tube with cor- 
rect polarity, During this time (A to B, Figure 
52) current flows through the x-ray tube, keno- 
tron No. 1 and kenotron No. 4. The remaining 
two kenotrons are not conducting current be- 
cause the anode of No. 2 is negative with respect 
to its cathode and the cathode of No. 3 is positive 
with respect to its anode. The full transformer 
voltage is impressed across each of these tubes. 

During the next half-cycle the potential of Y 
is negative with respect to grounl; X is posi- 
tive. Kenotrons No. 1 and No. 4 are no longer 
conducting because of the reversal of potential 
on their elements, but with X positive, kenotron 
No. 2 conducts current to the anode of the tube, 
and with Y negative, kenotron No. 3 completes 
the circuit from the cathode of the x-ray tube. 
During this half-cycle, B to C in Figure 51, the 
potential across the x-ray tube is of the same 


polarity as that during the previous half-cycle, 
so that the current variation is a repetition as 
shown from B to C in Figure 52. On this half 
cycle, kenotrons No. 1 and No. 4 are non-con- 
ducting, each with practically full voltage im- 
pressed across them. 

Since both half-cycles have been utilized, the 
current is full-wave rectified and the voltage 
across the x-ray tube varies in magnitude only, 
the direction remaining constant. The ratio of 
maximum to average tube current, assuming a 
sine wave, is: 


=.= TST. 


lisax 


nw] a 


It will be recalled that for a self-rectified cir- 
cuit the relation is: 


RO 


Tv 


—=3.14Iay 
2 


Tix = 
The significance of these ratios with reference to 
tube ratings has been previously discussed. 

For a given maximum value of current, the 
average direct current value of the full-wave rec- 
tified current is twice that of the half-wave; the 
root-mean-square alternating current value is 
1.41 times as great full-wave as half-wave. 

The full-wave kenotron rectified system de- 
scribed above can be incorporated into a cir- 
cuit such as that of Figure 40 to produce a 
practical x-ray generator. Since the rectification 
reduces the ratio between the peak current and 
average current in the transformer winding as 
well as in the x-ray tube, the transformer like- 
wise can be rated at a higher current output. 
Thus, if the unit represented in Figure 40 is a 
100 milliampere self-rectified unit, it can be 
rated at 200 milliamperes with the addition of 
four kenotrons connected as shown in Figure 50. 
If any of the components of the former are lim- 
ited in capacity by their peak inverse voltage rat- 
ing, the addition of the rectifier will raise the 
maximum operable voltage by an amount corre- 
sponding to the difference between the inverse 
and useful voltage limit. For example, the high 
voltage shockproof cables which connect the 
x-ray tube to the transformer are limited to a 
maximum rating of 50 kilovolts peak inverse on 
each cable. Under these conditions, the useful 
voltage is approximately 45 kilovolts peak; the 
maximum voltage rating of the generator is then 
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90 kilovolts peak. The full-wave rectifier operat- 
ing from the same transformer permits a maxi- 
mum rating of over 100 kilovolts peak since the 
cables operating on direct current can each be 
subjected to well over 50 kilovolts peak. 

Figure 53 is the interior of a 500-milliampere 
transformer and full-wave rectifier designed for 


former in such a direction as to permit the pas- 
sage of current on both half cycles. If only one 
set is used, as No. 1 and No. 4 of Figure 50, there 
results a type of circuit known as a half-wave 
rectifier which, though not utilized in diagnostic 
medical apparatus, is of some importance as a 
mobile 140 kilovolts peak unit for superficial 





Fic. 53. Transformer and full-wave rectifier for a 500-milliampere generator. 


operation at a maximum of 140 kilovolts peak. 
The high-tension transformer, kenotron filament 
transformers, and x-ray tube filament trans- 
formers are clearly shown. The kenotrons are 
mounted in the receptacles directly above the 
transformers. (The kenotrons are not shown in 
the illustration.) 


The Half-Wave Kenotron Rectifier 


From the preceding explanation of the opera- 
tion of the full-wave rectifier, it is readily seen 
that a pair of kenotrons are connected in series 
with the x-ray tube and the high-tension trans- 


therapy using a shockproof tube with high volt- 
age shockproof cables. Referring to Figures 50 
and 51, the operation of a two-kenotron half- 
wave rectifier can be described. It is assumed 
that kenotrons No. 2 and No. 3 have been re- 
moved and are no longer a part of the circuit. 

With terminal Y positive and X negative, 
current is conducted through the kenotrons No. 
1 and No. 4 to bring the potential of Y to the 
anode and that of X to the cathode of-the x-ray 
tube. 

On this half-cycle, current flows through the 
x-ray tube as has been previously described. 





42 


MEDICAL RADIOGRAPHIC TECHNIC 


KENOTRON 





Fic. 54. Single kenotron half-wave rectifier, as used in 
radiographic x-ray generator. 


During the next half-cycle, the potential of Y 
is negative with respect to ground and X is posi- 
tive. The polarity is now such that kenotrons 
No. 1 and No. 4 are non-conducting. and the 
inverse transformer voltage is applied across the 


two kenotrons in series with the x-ray tube so — 


that only a fraction of the full voltage exists 
across the latter. Under these conditions, the 
problem of inverse current is practically elim- 
inated so that the operating temperature of the 
focal area may be permitted to be substantially 
higher than is the case on a self-rectified circuit, 
resulting in an increase in tube rating for a given 
focal area in comparison to the self-rectified rat- 
ing. Furthermore, the shockproof cables are not 
subjected to alternating voltage, a fact which 
permits a higher rating and, finally, they are 


not required to withstand an inverse voltage 
higher than the useful voltage across the x-ray 
tube on the conducting half-cycle. 

A now obsolete form of radiographic generator 
utilized a single kenotron in a half-wave rectified 
circuit as shown in Figure 54. The x-ray tube 
passes current when point Y is at positive po- 
tential with respect to ground, since the keno- 
tron then is a conducting valve. On the suc- 
ceeding half-cycle, with Y negative, the inverse 
transformer voltage is impressed across the x-ray 
tube and kenotron in series, similar to the situa- 
tion described previously for a two-kenotron 
rectifier except that only one rectifier is in the 
circuit. The focal spot rating of both circuits is 
the same since in neither case does the x-ray tube 
have a high inverse voltage impressed across it. 
With the single kenotron half-wave rectifier, 
however, the cathode side of the circuit has an 
alternating voltage existing so that if shockproof 
cables were used the voltage limitation of the 
cathode cable would be the same as its alternat- 
ing current rating. 

Comparative energy ratings for half-wave rec- 
tified and self-rectified circuits are given in the 
table, Figure 55. The difference is due to the 


1/10 Sec. '%4Sec. 5Sec. 10Sec. 30 Sec. 

Hatr-Wave 160 MA. 125 MA. 75 MA. 62 MA. 40 MA. 
SELF- 

Rectiriep 115 MA. 90 MA. 60 MA. 50 MA. 35 MA. 


Fic. 55. Comparative ratings for a 4.5 mm. focal spot, 
half-wave rectified and self-rectified circuits. 


fact that the focal spot in the former case can 
be operated at a higher temperature since a 
certain amount of electron emission from the 
target will produce no destructive effects. 
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General Description of Shockproof 
Apparatus 
EVELOPMENTS in the field of x-ray appara- 
tus have been in the direction of more 
powerful equipment with decreased size 
and weight. The need for electrical protection 
from dangers ‘of shock to the patient and opera- 
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Fic. 56. Cross-section of a flexible high voltage cable used 
for connection between a high voltage generator and a 
shockproof x-ray tube casing. 


tor have become increasingly important as the 
transformers have become more powerful and 
efficient. The need for roentgen-ray protection is 
equally important, but a discussion of this sub- 
ject will be found in Chapter VII. Modern x-ray 
apparatus is protected from electrical hazards 
by one of two methods: 

1. The use of a shockproof and x-ray protec- 
tive tube casing with connections to the 
high tension transformer and rectifier be- 
ing made by special high voltage cable. 

2. Single unit type oil-immersed equipment 
in which the x-ray tube, high voltage trans- 
former, and filament transformer are placed 
together in a single oil-filled container or, 
in the case of 1000 kilovolts peak apparatus, 
a single gas-filled container. 

Figure 30 is a shockproof tube casing in which 
the x-ray tube is oil-immersed. Connections to the 
tube are made by means of the flexible high volt- 
age cable, a cross-section of which is shown in 
Figure 56. The high tension conductors are sur- 
rounded by special rubber compounds which 
have excellent insulating properties. The rubber 





44 


MEDICAL RADIOGRAPHIC TECHNIC 


is surrounded by a flexible metallic sheath which 
is connected to ground potential. The ends of the 
cable are fitted with plug-in type bushings which 
make connection to the x-ray tube and to the 
high-voltage generator. 

With the shockproof tube casing and flexible 
high voltage cable, the transformer can be placed 
at some distance from the tube and the entire 
electrical circuit is protected from high voltage. 
The tube-supporting mechanism over the x-ray 
table is required only to provide support and 
flexibility to the x-ray tube and its small con- 
tainer. This type of apparatus is employed usu- 
ally for x-ray machines of 100 milliampere ca- 
pacity and over, self-rectified and full-wave rec- 
tified. 


The Single Unit Type Self-Rectified 
X-Ray Generator 
In some types of apparatus, it is desirable to 
immerse the x-ray tube in the same oil-filled 
container which includes the filament and high 
tension transformers as shown in Figures 57 and 
58. This is a 25-milliampere, 85-kilovolts peak 





Fic. 57. Unit type self-rectified x-ray generator rated at 
85 kilovolts peak. 


machine used as a mobile unit or as a conven- 
tional combination radiographic and fluoroscopic 
generator in conjunction with an x-ray table. The 
high voltage leads to the tube are completely en- 
closed and protected. The low voltage con- 
ductors from the control stand are brought into a 
terminal block on one side of the casing and pro- 
vide no interference to free manipulation of the 
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Fic. 58. Interior of unit type self-rectified x-ray generator. 


self-contained unit on its counterbalanced sup- 
porting structure. 

The same type of assembly is utilized for 
low power portable units and for dental x-ray 
machines where the weight of the transformers 
does’ not seriously limit the flexibility of the 
head. With the development of x-ray tubes capa- 
ble of operating on a self-rectified circuit from 
100 to 200 kilovolts peak, the unit type of 
equipment has become widely used in therapy 
and industrial radiography. For these, specially 
designed supporting structures, often motor- 
driven, are used to obtain the desired flexibility. 
Figure 59 is a 220-kilovolts peak self-contained 
unit used for deep therapy mounted on a motor- 
driven suspension which raises, lowers, and ro- 
tates the unit on two axes. 

An important part of the unit type apparatus, 
whether it be a 400-kilovolts peak, 5-milliampere 
therapy or an 85-kilovolts peak, 25-milliampere 
radiographic apparatus is the inverse reducer, a 
device connected in the primary circuit of the 
high tension transformer for the purpose of lim- 
iting the rise in voltage across the secondary 
terminals on the non-conducting or inverse half 
cycle, B to C, Figure 44. Since the x-ray tube 
passes current only on the half-cycle, A to B, 
the actual voltage produced in the transformer 
secondary, from B to C, will increase by the 
amount of the voltage drop caused in both sec- 
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Fic. 59. 220 kilovolts peak self-contained unit type 
x-ray generator. 


ondary and primary windings by the secondary 
tube current and the primary current necessary 
to supply the power loss in the tube. 

The difference may be as much as 30 kilovolts 
peak for a circuit operating at 70 kilovolts peak 
on the useful half cycle so that additional in- 
sulation and clearances are necessary within the 
container to withstand 100 kilovolts peak. Thus 
the size and weight of the unit would be appre- 
ciably increased with no gain in its rating. 

Figure 60 is a diagram of the inverse reducer 
circuit, consisting of a special low-voltage recti- 
fier tube known as a “tungar” which has con- 
nected across it a fixed resistance unit, the com- 
bination being connected in series with the pri- 
mary winding of the high tension transformer. 
The tungar tube is a two-element gas-discharge 
hot-cathode tube. In order to reduce the voltage 
necessary to make the tube a good conductor, 
the space charge around the cathode is greatly 
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reduced by the introduction of argon gas to a 
pressure of a few centimeters. Positive ions are 
then produced by the impact of electrons with 
the gas molecules present and the negative space 
charge is neutralized to the extent that a cur- 
rent of 10 amperes can pass through the tube 
with a voltage drop of less than 10 volts. 

The operation of the inverse reducer can be 
followed by reference to the diagram. The arrows 
show the direction of electron flow in the pri- 
mary and secondary circuit for the useful half 
cycle of operation during which the anode of the 
x-ray tube is positive with respect to the cathode. 
The tungar is so connected that during the use- 
ful half cycle it conducts practically the full 
primary current. On the next half cycle, the x- 
ray tube becomes non-conducting as does the 
tungar tube, but the voltage produced in the 
secondary winding is limited to an inverse kilo- 
volts peak which is practically the same as the 
useful kilovolts peak. The high voltage trans- 
former has a secondary winding with appreciable 
distributed capacity by virtue of the large num- 
ber of turns and the small distance between 
them. With the aid of electric circuit analysis 
which is beyond the scope of this work, it can 
be shown that on the half cycle when the low 
voltage rectifier tube partially disconnects the 
transformer from the line, part of the trans- 
former’s charging current is supplied from its 
own secondary capacity current. As a result 
the inverse voltage is distorted in wave shape 
and the transformer is isolated from the line 
voltage rise. The inverse voltage, under these con- 
ditions, does not rise to more than 1 or 2 
kilovolts peak over the useful. The insulation 
problems are greatly reduced as a result and the 
over-all size and weight of the unit type x-ray 
generator is substantially less than it might be if 
the maximum peak inverse voltage were allowed 
to rise 30 kilovolts peak over the useful. Since 
the inverse reducer is in the primary circuit, it is 
generally mounted in the control cabinet and 
does not contribute to the weight or bulk of the 
x-ray tube and its associated transformers. 


The Full-Wave Rectified 
X-Ray Generator 


In a previous section the essential elements of 
the simplest form of x-ray generator, the self- 
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Fic. 60. Schematic diagram of a self-rectified generator with inverse reducer circuit. 


rectified circuit, were briefly described in con- full-wave rectified x-ray machine, will be dis- 
junction with Figure 40. In this section, the cussed. In addition to the constituents previously 
elements for such a circuit to include all the nec- given for a self-rectified generator, there will be 
essary elements of a modern 200 milliampere _ the following: 

ere, es 


se P af 


’ 





Fic. 61. Complete 200-milliampere full-wave rectified unit with radiographic and fluoroscopic tube. 
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1. 


Zs 


Filament heating transformers for ener- 
gizing the rectifier tubes. 

A booster transformer which maintains con- 
stant kenotron filament temperature de- 
spite the drop in line voltage with the ap- 
plication of power to the x-ray tube. 


5. A switch, incorporated in the control ap- 
paratus which changes the kenotron fila- 
ment voltage to increase emission for high 
milliampere technic. 

Figure 61 shows a complete 200-milliampere 

full-wave rectified unit including the high tension 





Fic. 62. Control element for a 200-milliampere full-wave rectified unit. 


3. A meter rectifier connected in the milliam- 


meter circuit to rectify the alternating cur- 
rent which should be indicated by a meter 
connected at the point M in Figure 50. 
A kenotron indicator which is automatically 
illuminated if one of the rectifying tubes 
ceases to function, preventing unsuspected 
operation of the generator as a half-wave 
rectified unit. 


transformer and rectifier unit, the shockproof 
cables and x-ray tube, and the control apparatus. 
Figure 62 is a close-up of the control panel, Fig- 
ure 63 is the interior, and Figure 64 is a circuit 
diagram for such an x-ray generator and its con- 
trol. In the discussion to follow, the elements 
described can be located on the circuit diagram 
and on the control panel by reference letters, as 
A, B, C, ete. 
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The Technic Selector (A) 

A switch assembly “A”, Figure 62, known as a 
“technic selector,” (TS), is incorporated in thé 
control apparatus to codrdinate the following op- 
erations: 


TS-1 Connects resistance into the primary of 





TS-4 Disconnects exposure timing switch for 
the procedures in TS-1 above. 

TS-5 Selects one of the two scales of the 
milliammeter. 


In order to accomplish these operations, selec- 
tor switches are mounted on a single shaft with 
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Fic. 63. Interior of control cabinet, 200-milliampere full-wave rectified unit. 


the high-tension transformer when it is 
used for fluoroscopy or _ superficial 
therapy technics, and shorts out the re- 
sistance for radiography. 

Selects one of the two filaments in a 
double-focus type of x-ray tube. 
Changes the kenotron filament voltage 
to increase its emission for high milli- 
amperage technic. 


TS-2 


TS-3 
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the pointer and index control for: Radiography— 
large focal spot; Radiography—small focal spot; 
Fluoroscopy; and Superficial Therapy. These 
switches are shown in Figure 64 as TS-1, TS-2, 
TS-3, TS-4, and TS-5. In the interest of clarity, 
the various elements of a single assembly oper- 
ated by one lever has been separated on the 
diagram. 

1. In the upper left of the diagram is the focal 
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spot selector, TS-2, which energizes the 
primary of one of the two filament trans- 
formers connected independently to the 
large and small focal spots of the x-ray tube. 
It can be seen that if the switch is rotated 
so that the connecting jumper bridges the 
space between the inner ring and the large 
outer segment marked T, F, and S, the cir- 
cuit is completed to the primary of the fila- 
ment transformer on the upper left of the 
x-ray generator, the secondary of which is 
connected to the small filament. When the 
switch is rotated to the “L” position, this 
transformer no longer is connected to the 
power supply, but the primary to the right 
is thus energizing the large filament. The 
filament ammeter which indicates primary 
filament current is calibrated in terms of 
secondary amperes or tube filament current 
and is, of course, in the circuit for all posi- 
tions of TS-2, as is the filament regulator. 
Note also that primary power for the fila- 
ment supply is obtained from fixed taps on 
the autotransformer. 

. In the lower center of the diagram, Figure 
64, is the milliammeter scale selector, TS-5. 
Its purpose is to change the scale reading of 
the meter and extend its range for the high 
current technics associated with the large 
focal spot. For example, if the unit is a 200- 
milliampere machine, the meter will have a 
0-50 and a 0-200 or 0-250 milliampere 
scale, the latter one being selected when the 
technic selector is set to L (Radiography, 
Large Focus). Note that for T, F, S, the 
0-50 milliampere scale is in circuit, since 
all of these procedures utilize the small focal 
spot as previously pointed out under TS-2 
above. The milliammeter is connected to the 
midpoint of the high tension transformer 
secondary with one side at ground potential. 
Thus the meter can be mounted in the con- 
trol panel with no danger. It will be shown 
in a later section that if the circuit is full- 
wave rectified, the current flowing through 
this transformer winding is alternating cur- 
rent, necessitating some form of meter rec- 
tifier, if a D’Arsonval type of movement is 
to be used. 


3. For fluoroscopy and superficial therapy op- 
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eration, it is desirable to insert a surge- 
limiting protective resistance in the primary 
of the high-tension transformer and to 
short-circuit this element for radiographic 
procedures on either focal spot. Technic 
Selector 1 performs this operation on re- 
sistance R. When the switch jumper is at 
S or L, it short-circuits R, whereas if it is 
set to F or T, the primary current passes 
through it. 

4. In radiography, the exposure timer is op- 
erated by a hand or footswitch, thus start- 
ing the timer action. This action operates 
the magnetic switch designed to carry the 
heavy current utilized for short exposure 
time. In fluoroscopy, a footswitch is gener- 
ally used, to operate the magnetic switch. 
For x-ray therapy, neither the hand nor 
footswitch is employed since the ““ON”’ pe- 
riod is minutes rather than seconds and it 
is desirable to use the main line switch 
itself, Technic Selector 4 automatically 
makes the proper connections for each of 
these procedures corresponding to the set- 
ting on the selector indicator. 

. Technic Selector 3, left center in the dia- 
gram, is connected to different points on 
the autotransformer and the kenotron fila- 
ment transformer primary winding so that 
the voltage on the latter can be increased in 
definite steps to match the increased current 
requirements for various settings of the 
technic selector. In this way the life of the 
kenotron filament is prolonged by keeping 
the operation at maximum temperature to 
the shortest time possible. 


ve 


Combination Line and Safety Switch 


(B), Figure 62 


A special switch, LX-1 and LX-2, Figure 64, 
lower left, combines the function of the line 
switch mentioned above and a safety switch. In 
the first of the three positions (OFF) for which 
the switch B is indexed, the autotransformer is 
completely disconnected from the power line. In 
the second position (ON), the x-ray tube fila- 
ments are energized together with the kenotron 
filaments and the timer motor. By this arrange- 
ment all preliminary settings may be made with- 
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out energizing the high voltage transformer. Just 
prior to making the exposure, the line switch is 
moved to its third position (X-RAY) and the 
timer control may be actuated to energize the 
tube. 

The line switch assembly consists of three 
switches on a single shaft with a three-setting 
index: OFF, ON, and X-RAY. Switch LX-1 
controls the power to the input of the autotrans- 
former. In the “OFF” position, the transformer 
is entirely disconnected from the supply line; in 
the “ON” and “X-RAY” positions, the auto- 
transformer is energized. Switch LX-2 is the 
x-ray safety switch which is mounted on the same 
shaft but is connected on the output side of the 
autotransformer between it and the primary of 
the high tension transformer. In either the 
“OFF” or “ON” positions, the high voltage 
primary is open, as can be seen from the position 
of the switch shown in the diagram, Figure 64. 
When the line switch is moved to “X-RAY” the 
circuit can be completed by means of the hand- 
switch or footswitch, except for therapy. The 
result of these interconnections is to permit set- 
ting the filament current and adjustment of all 
other machine factors in a “safe” position in 
which the x-ray tube cannot accidentally be en- 
ergized. Just before making the exposure, the 
line switch is moved to the “X-RAY” position 
and the tube may then be energized. 


X-Ray Tube Selector (C), 
Figure 62 


‘The unit illustrated in Figure 64 utilizes two 
x-ray tubes, one generally used for radiography 
and superficial therapy above the x-ray table, 
while the second is mounted beneath the x-ray 
table for fluoroscopy and spot-film technic, The 
electrical connections to the tubes are made 
through an electro-magnetically operated high 
voltage switch contained in the transformer and 
rectifier tanks. Tube selection is accomplished by 
manipulation of the x-ray tube selector C, Figure 
62, which on one setting connects the radio- 
graphic tube to the high voltage system and on 
the other setting connects the fluoroscopic tube to 
the high voltage system. The high voltage switch 
is shown in the upper right hand portion of 
Figure 64, while the x-ray tube selector is indi- 
cated in the upper center. 


Synchronous Timer (D), Figure 62 


The devices used to control the time of x-ray 
exposures are schematically illustrated in Figure 
65. Essentially the action is as follows: 

1. Closing of the hand- or footswitch by the 
operator completes a circuit through the 
timing mechanism which then starts the 
sequence of operation through the timer. 

2. Almost instantaneously the timer energizes 
the magnetic switch which, in turn, starts 
the x-ray exposure. The need for a magnetic 
switch arises from the fact that the small 
contact in the timer itself cannot handle the 
heavy current involved in the high voltage 
transformer primary. This current may be 
as high as 90 amperes for a 200-milliampere 
full-wave rectified generator. 

3. After an interval of time determined by the 
setting of the timer dial, the magnetic 
switch control circuit is opened, and the ex- 
posure is terminated. 

The portion on the left in Figure 65 is a syn- 
chronous motor-operated timer designed, as its 
name implies, to run at a constant speed fixed by 
the frequency of the incoming power supply. By 
means of the adjustable calibrated dial, the dis- 
tance between the make and break contacts may 
be set to any desired values corresponding to 
time durations of 1/20 to 20 seconds. The moving 
mechanism which trips the stationary make and 
break contacts is energized from the synchronous 
motor through a gear reduction system and a 
solenoid. 

The sequence is as follows: 

1. The timer motor is turned on when the line 

switch is in the “ON” position. 

2. The indicating dial is set to the desired time 
value. 

3. The hand- or footswitch is closed, ener- 
gizing the clutch solenoid with 115 volts 
obtained from the autotransformer. This 
starts the moving mechanism completing 
the circuit through the magnetic switch 
solenoid. At the same time, the solenoid 
interlock closes. At the start of its travel 
the moving mechanism closes the make con- 
tact, completing the circuit to the operat- 
ing mechanism of the magnetic switch. 

4. The magnetic switch then completes the 
circuit to the primary of the high-tension 
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Fic. 65. Schematic diagram of synchronous timer and magnetic contactor. 


transformer. It will be noted that one con- 
tact closes before the other two to insert an 
auxiliary resistance for a fraction of a 
second before full power is applied to the 
transformer. This prevents voltage surges 
due to transient currents set up at the in- 
stant of applying the primary voltage. 

5. The moving mechanism of the timer con- 
tinues to rotate at constant speed until it 
strikes the break contact and opens the 
circuit to the magnetic switch, which in 
turn opens the primary circuit to the high 
voltage transformer, 

The synchronous timer is quite commonly em- 
ployed on x-ray generators not exceeding 300 
milliamperes in capacity and for exposures not 
shorter than 1/20 second. If maintained in ad- 
justment, it can be expected to be accurate to 
plus or minus one-half cycle or 1/120 second if 
the frequency is 60 cycles. 


Impulse Timer 


For the most accurate control of short expo- 
sures (1/60 to 1/5 second), a type of timer known 
as an impulse timer is used. Frequently both 
types of timers are used conjointly, the synchro- 
nous timer for exposures longer than 1/5 second, 
and the impulse timer for those shorter in dura- 
tion. 


The essential characteristic of an impulse 
timer is that it starts and stops the transformer 
current at or very near the zero point of the alter- 
nating current cycle. This insures accuracy of 
timing and minimum arcing and deterioration of 
the make and break electrical contacts. 


Circuit Breaker 


It is necessary to have some automatic device 
for disconnecting the x-ray apparatus from the 
power supply in the event of failure of part of the 
circuit which may endanger other elements by 
reason of overloading. This device is known as a 
circuit breaker, shown in the lower left-hand 
corner of the diagram, Figure 64. If excessive 
power is drawn by the x-ray machine, a thermal 
element in the circuit breaker reaches a tempera- 
ture sufficiently high to expand the tripping ele- 
ment and the power contact to automatically 
open. Since this is a thermal device, it requires 
some time for its action to take place, so that the 
momentary high milliampere exposures do not 
cause it to open the circuit despite the fact that 
such exposures might draw a current equal to 
four times the rating of the breaker, If, due to 
overload, the contacts are opened, it may be reset 
by hand, but the cause for its action should be in- 
vestigated and the trouble corrected before at- 
tempting to operate the x-ray unit. 
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Voltage Compensators and Stabilizers 


If the voltage supply to the x-ray equipment 
varies, it is obvious that the x-ray output and 
film density will change unless corrective meas- 
ures are taken. 

The voltage variations may be classified into 
three types: 


1. Slow changes that occur over an appreciable 
period of time as, for example, over a period 
of 15 minutes. 


2. Rapid, almost instantaneous fluctuations 
that are caused by the starting or stopping 
of some other piece of equipment on the 
same line as the x-ray equipment as, for 
example, the starting of an elevator. Of 
course, wherever possible, other large pieces 
of electrical equipment should not be con- 
nected to the same line as the x-ray equip- 
ment. Even where the lines are separate, 
however, there may be some influence on 
the x-ray line due to voltage variations at 
the distribution transformer or on the in- 
coming distribution line. 


3. Line voltage drop that takes place during 
the actual x-ray exposure and is caused by 
the x-ray equipment itself, that is, by the 
heavy current that flows during the x-ray 
exposure. A 200-milliampere x-ray equip- 
ment will draw approximately 70 amperes 
from a 220-volt line during a 200-milli- 
ampere, 80-kilovolts peak x-ray exposure. 
On what is considered a good power supply, 
this will cause a drop of approximately 6 
volts, i.e., a drop from 220 to 214 volts. On 
a poor power supply, but one that is still 
considered passable, the drop may be as 
much as 20 volts. 


The devices incorporated in an x-ray machine 
for dealing with the above-mentioned voltage 
changes usually include a voltage compensator 
(F), Figure 62, a booster transformer (F), Fig- 
ure 63, and an x-ray tube filament transformer, 
Figure 64, The voltage compensator has already 
been described. It corrects for the slow changes of 
type 1 which is important in order to keep the 
x-ray calibration correct, and to keep a standard 
voltage input to all of the auxiliary elements in 
the control, such as the relays, solenoids, lights, 
and the x-ray timer motor. 


Booster Transformer (F), Figure 63 


The booster transformer’s function is to pre- 
vent the type 3 line voltage drop that occurs dur- 
ing the actual x-ray exposure from causing a drop 
in filament current in the x-ray tube and keno- 
trons. It is of more importance to the kenotron 
filaments than it is to the x-ray filament because, 
in most cases, the latter also has the help of an 
x-ray tube filament stabilizer, which will be 
described on page 55. 

Each kenotron filament must be operated at a 
high enough temperature to give off more elec- 
trons than are given off by the x-ray tube fila- 
ment, making the latter the current-limiting de- 
vice. Under these conditions, the voltage drop in 
each kenotron is relatively low, being determined 
by space-charge alone. If through error a keno- 
tron filament is operated at too low a tempera- 
ture (i.e., too low a filament current), it becomes 
the current-limiting device, its voltage drop rises 
to the point where it absorbs practically all of the 
high voltage, the x-ray output drops or becomes 
erratic, and the kenotron may fail due to over- 
heating. 

On the other hand, the kenotron filament must 
not be operated at too high a temperature or it 
may burn out after a short life in a manner 
analogous to the burn-out of an incandescent 
lamp that is operated on too high a line voltage. 
Even at correct temperature, the filament of a 
kenotron will eventually burn out, just as an 
incandescent lamp does, and it is for this reason 
that the filament of a kenotron should not be 
energized for any longer time than is necessary. 
Certainly it should not be left energized over 
night or for hours at a time unless the x-ray 
equipment is in constant use. 

In a circuit in which there is no booster trans- 
former, the kenotron filament current drops as 
soon as the x-ray exposure starts, due to type 3 
line voltage drop. The filament temperature does 
not drop immediately because of its heat inertia, 
but drops gradually during the exposure. Under 
these conditions, in order to insure adequate 
temperature after this drop occurs, the filament 
will have to be operated at a higher current and 
temperature before the start of the x-ray expo- 
sure, 

With a booster transformer in the circuit, the 
filament is supplied with an additional voltage 
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Fic. 66. Schematic diagram of a filament booster transformer. 


during the x-ray exposure to compensate for the 
drop in line voltage that occurs. As a result of 
this, there is no change in filament current and 
the filament can be operated at a lower maximum 
temperature and therefore will have a longer life. 
Figure 66 shows the principle of operation of 
the booster transformer. 

Its primary winding, which consists of a very 
few turns of heavy wire, is connected in series 
with the power supply so that all of the x-ray 
load current passes through it. The voltage drop 
across this winding varies with the current, but 
even at full load is only of the order of 1 volt. Its 
secondary winding consists of a large number of 
turns, giving a much higher voltage output than 
that impressed across the primary, and one which 
varies with the x-ray load current. This output 
voltage is connected in series with the filament 
circuit in such a way that it adds a voltage to this 
circuit just equal to the drop in line voltage 
caused by the x-ray load current. 

In effect, a small amount of power is taken 
from a high-power x-ray load circuit and used to 
raise the voltage of a relatively low-power fila- 
ment circuit. In actual use, a variable resistance 
(not illustrated) is connected across the sec- 
ondary winding of the booster transformer in 
order to give a means of adjusting the voltage 
boost to that of the line voltage drop. There 


are no moving parts and no adjustments are re- 
quired once the equipment is installed. 


X-Ray Tube Filament Stabilizer 


The x-ray tube filament voltage must be con- 
trolled more accurately than any other factor. 
The reason for this is apparent from Figure 24. 
It will be noted that a very slight change in fila- 
ment current (and voltage) makes a great change 
in electrical emission, i.e., in milliamperes of tube 
current. Whereas the voltage compensator alone 
is sufficient to hold the input voltage to the x-ray 
high-voltage transformer to reproducible values, 
and the compensator plus the booster trans- 
former is sufficient for the kenotron filaments, an 
additional stabilizer is desirable for the x-ray 
filament. 

The stabilizer provides this extra stabilization. 
It is the only one of the three elements under 
discussion that eliminates the rapid line voltage 
fluctuations discussed under type 2. Its effec- 
tiveness is indicated by an output voltage con- 
stant to plus or minus ™% per cent with a line 
voltage varying plus or minus 10 per cent. 

Figure 67 illustrates the principle of operation. 
The actual circuit employed differs slightly from 
that which, for the sake of clearness, is illus- 
trated. 

The stabilizer consists of two transformers 
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Fic. 67. Schematic diagram of a constant voltage filament stabilizer, Universal type. 


with their primaries in series. The one that sup- 
plies most of the output voltage operates with a 
high flux density in its iron core, i.e., it is over- 
saturated. It is also partly resonated by means 
of a capacitor. The other transformer operates 
with a low flux density and in out-of-phase rela- 
tionship to the first transformer. 

When a change in line voltage occurs, the out- 
put of the saturated core transformer varies less 
than would be the case with an ordinary trans- 
former. What change does occur is compensated 
for by a change in the “bucking” action of the 
output of the second transformer, There is no 
simple way to describe this action other than to 
say that by proper design the output voltages of 
the two transformers can be made to compensate 
in such a way that the total output voltage is 
practically constant over a considerable range 
of input voltages. 

There are no moving parts and the stabilizer 
action takes place practically instantaneously. As 
the operation of the stabilizer depends on partial 
resonance, it is sensitive to frequency changes. 
Fortunately, most commercial power systems are 
kept to a constant frequency. In those cases 
where it does vary, as is the case with a gas en- 
gine driven generator, a stabilizer of the type 
described cannot be used. However, both the 


voltage compensator and filament booster trans- 
former can be used, as they are relatively insensi- 
tive to frequency changes. 


Kenotron Indicator (G), Figure 62 


The kenotron tubes in present-day shockproof 
X-ray apparatus are usually immersed in oil and 
located in the same tank with the rest of the high 
voltage apparatus. Since the light given off by 
their filaments is not readily visible, it is seldom 
possible, as it was in the days before shockproof- 
ing, to determine by direct observation whether 
the kenotrons are lighted and in proper operating 
condition. 

This introduces a danger because if one of the 
four kenotron filament circuits in a full-wave 
rectified apparatus becomes open-circuited, for 
any reason whatsoever, the rest of the apparatus 
may continue to operate as a half-wave rectified 
generator. The fact that this has occurred may 
not be immediately evident unless careful atten- 
tion is being paid to the operating procedure. 
The signs of danger are: 

1. A change in film density. 

2. A decrease in tube current milliamperage 

for a given value of filament current. 

3. Possible failure of the x-ray tube. This is 

due to the difference in allowable tube rat- 
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ing on full-wave and half-wave circuits as 
shown in Figure 29. 

The kenotron indicator G, Figure 62, is in- 
tended to overcome this danger by giving a 
warning light in a conspicuous place on the con- 
trol stand in case anything happens to the keno- 
tron filament circuits. It consists of a neon glow 
lamp connected across the secondary of a small 
transformer, the primary of which is divided into 
two windings. Its operation can be analyzed from 
Figure 68. 

The filament current supply for two of the 
kenotrons is passed through one winding of this 
primary, and the current supply for the other 
two kenotron filaments through the other wind- 
ing. The two primary windings are wound in 
such a way as to induce opposing voltages in the 
secondary winding so that normally there is no 
secondary voltage to light the neon glow lamp. 
If the current through one of the two primary 
windings appreciably changes, which will occur 
in case of an open filament circuit, the balance 


OUTPUT FOR 
TWO KENOTRONS 


of voltages will be disturbed and the neon lamp 
will light. The lamp lights only when there is 
trouble of some kind and is an indication that 
this trouble should be investigated and corrected 
before operation is resumed. 


Tube Current Metering System (H), 
Figure 62 

Under the description of a self-rectified appa- 
ratus, the milliammeter for indicating x-ray tube 
current was shown at ground potential connected 
to a center tap of the high voltage transformer 
(Figure 40). It is also desirable to have this ar- 
rangement with a full-wave rectified apparatus, 
but it is not accomplished quite as simply because 
in this case the transformer current is a.c. and of 
a different wave shape from the tube current. 

Obviously a d.c. milliammeter cannot be used 
in the transformer, Use of an a.c. meter would 
introduce inaccuracies at the lower milliampere 
values for two reasons: 

1. The scale of an a.c. meter would be crowded 
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Fic. 68. Schematic diagram of a kenotron indicator circuit. 
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Fic. 69. Schematic diagram of a tube current metering system for a full-wave rectifier. 


at its lower end. For example, there would 
be very little space on the meter dial be- 
tween 0 and 10 milliamperes as compared 
to the space between 20 and 30 milliam- 
peres. In contrast to this, the scale of a d.c. 
meter is much more uniform. 

2. An even more serious consideration is that 
an a.c. meter in the transformer would read 
not only the x-ray tube current but also the 
capacity charging current to the transform- 
er winding and high voltage cable. Be- 
cause the voltages used in radiography are 
high—30 to 100 kilovolts peak—this ca- 
pacity current has an appreciable magni- 
tude, being of the order of several milli- 
amperes. It is a variable, depending upon 
the kilovoltage and the length of shockproof 
cable. 

The metering system of Figure 69 is designed 

to overcome the difficulties just enumerated. 

The high voltage transformer current is recti- 

fied by means of the instrument transformer and 
rectifier tube, so that the d.c. milliammeter H 


can be used, and the advantages of its more 
uniform scale obtained. The compensating trans- 
former in conjunction with the capacitor applies 
a current to the instrument transformer just 
equal and opposite in direction to the capacity 
charging current of the high voltage system. The 
capacity current is, therefore, balanced out and 
no longer read by the meter. Note that the pri- 
mary winding of transformer D is connected 
across the primary of the high voltage transform- 
er, and, as the kilovoltage and capacity current 
increase, the balanced current also increases. 
Taps on D allow compensation at the time of 
installation for different lengths of high voltage 
cable. Although this may seem like a great deal 
of complication in order to read tube current, it 
is necessary for accuracy, and it has proven to 
be a very reliable metering system. 


Semi-Automatic Control 
Despite the increased complexity in the cir- 
cuits and construction of modern x-ray appa- 
ratus, its control and operation is less complex 
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and more reliable than older types. Figure 70 is 
an illustration of a semi-automatic control for a 
generator similar to that described in the pre- 
ceding pages. The technic selector of Figure 64 
has been modified to select directly the desired 
tube milliamperage by automatic filament cur- 
rent adjustment. The autotransformer selector 


sanieeearey 





directly interlocking the autotransformer con- 
trol with the primary of the filament circuit of 
the x-ray tube. In addition, the gradual change in 
emission characteristics of the tube as it is used 
must be suitably compensated. This is done by 
periodic adjustment of a master filament control. 

Figure 71 is an illustration of a semi-automatic 


ial 


Fic. 70. Semi-automatic control, 200-milliampere generator. 


switch is codrdinated through a mechanical inter- 
lock to indicate kilovolts peak directly for a 
number of selected milliampere values through 
the range of the transformer. By these controls, 
kilovolts peak and tube current can be pre-set 
without need for reference to calibration charts 
or filament characteristic curves or data. For 
accuracy and x-ray tube protection, some method 
must be provided for automatic space-charge 
compensation. In the unit shown, this is done by 
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control for a 500 milliampere generator. This is 
an even more advanced centralization of control 
devices, including a fluorographic unit, two tim- 
ers, and a Potter-Bucky diaphragm interlock 
indicator, etc. 


Other Rectifying Circuits 


The full-wave 4-kenotron bridge circuit just 
described is used in the great majority of high- 
power x-ray apparatus having a capacity of 200 
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Fic. 71. Semi-automatic control, 500-milliampere generator. 


milliamperes or more. Medium and low-power 
equipments (100 milliamperes or less) are usual- 
ly self-rectified. There are other high voltage 
rectified circuits employing different combina- 
tions of kenotrons and transformers, but none is 
used to the extent of the 4-kenotron circuit. This, 
over a period of years, has proven to have, more 
than any of the others, the desirable qualities of 
reliability, reasonable cost, and high allowable 
tube rating. The other circuits occasionally used 
in radiography include the half-wave rectifying 
circuit, the three-phase rectifying circuit, and the 
capacitor-discharge circuit. 


Three-Phase Rectification 


Figure 72 shows the essential elements of a 
three-phase 6-kenotron rectifier. Although this is 





a rather complicated circuit, 
its general principles of 
operation are not difficult 
to understand. 

Each of the three high 
voltage transformers, Nos. 
1, 2, and 3, Figure 72, gen- 
erates a voltage 120 degrees 
out of phase with respect to 
the other transformers, which 
in non-technical terms means 
that the a.c. voltages of the 
three transformers do not 
rise and fall simultaneously, 
but rather syccessively in 
fixed relationship to each 
other, as shown in Figure 
73. The rectifying circuit is 
so arranged that it supplies 
a voltage to the x-ray tube at 
each instant approximately 
equal to the sum of the two 
highest of the three trans- 
former voltages. The x-ray 
tube voltage (and current) is 
always greater than zero, be- 
ing supplied first by one and 
then by another combination 
of the transformers. 

The operation of the cir- 
cuit is best understood by 
considering what happens at 
different instants of time, 
and for each instant tracing 
the path of electron flow. The arrows on Figure 
72 represent electron current flow at an instant 
of time when transformers 2 and 3 are supplying 
the useful voltage and current to the x-ray tube. 
The voltage of transformer 1 at this instant is 
either zero or close to zero, and this transformer 
is inactive, that is, it is not supplying any of the 
current to the x-ray tube. One-twelfth of a cycle 
later (1/720 second) the voltage of transformer 
1 will have increased to the point where it is 
slightly greater than that of transformer 2, which 
has been decreasing. The current which has been 
flowing in transformer 2 will start to shift to 
transformer 1. 

One of the fundamental properties of elec- 
tricity is that current flow in a circuit cannot be 
stopped or started instantaneously. This inertia 
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Fic. 72. Schematic diagram of a three-phase, six-kenotron, high-voltage generator. 


effect, analogous to the inertia of physical bodies, 
is very important, and is a function of the induc- 
tance of the circuit. In a high-voltage transform- 
er, it has an appreciable magnitude and is re- 
lated to a characteristic of the transformer known 
as leakage reactance. Consequently the current 
in transformer 2 takes a significant length of 
time to die out and the current in transformer 1 
a significant length of time to rise to its full 
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value. There is a transition period when current 
is flowing in both, illustrated by the arrows in 
Figure 74. During this period the voltage sup- 
plied to the x-ray tube drops, as shown by A in 
Figure 73 and Figure 75. 

After the transition is completed, current flows 
for a short time in transformers 3 and 1, Figure 
76. In 3/12 of a cycle, however, the voltage of 
transformer 2 has reversed in direction and in- 
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Fic. 73. Time-voltage curves for the three transformers of a three-phase rectifier. 
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Fic. 74. Direction of electron flow. 


creased to the point where it is slightly greater 
than that of transformer 3, As a consequence, the 
current in transformer 3 starts to shift to trans- 
former 2. Another transition period is gone 
through, after which the current is flowing only 
in transformers 2 and 1. The electron current can 
be traced in this manner through four more tran- 
sitions from transformer to transformer until it 
returns 1 cycle later (1/60 second) to the condi- 
tion under which the analysis started. 

The resulting x-ray tube voltage wave shape 
is shown in Figure 75. Note that the voltage 
never drops to zero, but that it varies in a com- 
plicated manner over an appreciable range. The 
magnitude of the change from maximum to mini- 
mum voltage cannot be stated exactly because 
it is a function of many variables, including the 
transformer leakage reactance and the tube cur- 
rent. In most cases it will have a magnitude of 
variation of the order of 20 to 40 per cent of the 









maximum voltage. In practice, the wave shape 
is even more irregular than that illustrated as 
the theoretical shape. 

Figure 77 shows the commonly accepted tube 
voltage wave shape for a three-phase generator. 
This is obviously incorrect and misleading. 

Figure 78 is a spinning-top radiograph taken 
on a three-phase generator operating at 500 mil- 
liamperes, 58 kilovolts peak, and 1/20 second. 
Note that the film density varies cyclically over 
a wide range, as is predicted from Figure 75, 

Figure 79 is a spinning-top radiograph taken 
on a single-phase generator operating at 500 mil- 
liamperes and 1/20 second. Note that the actual 
differences in density are not much different from 





Fic. 76. Direction of electron flow after transition of flow 
from transformer 2 to 1 is complete. 


those of Figure 78, though there are fewer im- 
pulses, as is expected. 

There is considerable confusion as to the rela- 
tive merits of single- and three-phase rectification. 
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Fic. 75. Resultant x-ray tube voltage wave shape. 
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Fic. 77. Commonly accepted representation of tube voltage wave shape 


Some of this has been caused by accounts of 
three-phase rectification in the literature which 
completely ignore the transition and inertia phe- 
nomena emphasized in the preceding paragraphs. 
When this is done, the erroneous conclusion is 
reached that the output voltage across the x-ray 
tube varies only 14 per cent, which is much less 
than that shown in Figure 75. If this were the 





‘Fic. 78. Spinning-top radiograph on a 
three-phase generator. 


case, it would not be difficult to believe, as is 
often accepted as a fact, that the three-phase 
circuit gives an appreciably greater x-ray output 
and consequent greater radiographic speed. 
Actually repeated experiments by a number of 
independent persons indicate little or no differ- 
ence in radiographic speed between three-phase 
and single-phase rectified equipment operating 





Fic. 79. Spinning-top radiograph on a single-phase 
generator, 1/20 second. 
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Fic. 80. Schematic diagram of a capacitor-discharge x-ray generating apparatus. 


at the same kilovolts peak and milliamperage. It 
is true that for short exposures (1/20 second or 
less) x-ray tubes will stand about 15 to 20 per 
cent more energy on three-phase. Even this slight 
gain is likely to be lost, however, because of the 
difficulty of timing high energy short-time ex- 
posures on three-phase without introducing er- 
ratic behavior, as for example, in the inaccuracy 
noted in Figure 78, which should show 18 dots 
and actually gives 13. In timing, there are three 
primary circuits to be closed and opened, and the 
current is never O in all three of them at the 
same time. On long x-ray exposures (1 second or 
more) the x-ray tube will not stand as much 
energy as it will on single-phase full-wave recti- 
fied voltage. 


Capacitor Discharge Apparatus 


A type of power supply which has had certain 
specialized applications is the condenser dis- 


A 


charge unit. Its operation is based on the fact 
that a capacitor is essentially a reservoir for 
electricity which can be charged relatively slowly 
to a given potential by a direct current source of 
electricity, and can then be made to discharge 
rapidly through an x-ray tube, giving up all its 
contained energy in a single impulse. The objec- 
tive in the use of this principle is to attain short 
exposure times with power supply of limited ca- 
pacity. This has only been partially realized be- 
cause of limitations which will be discussed on 
page 66. 
The charge stored in a capacitor is given by 
the equation: 
Q=CV 
in which Q = charge in coulombs 
C = capacity in farads 
V = potential in volts. 
This can be rewritten as milliampere-seconds 
= microfarads times kilovolts peak. 
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Thus, a 1 microfarad capacitor charged to a 
potential of 60 kilovolts peak will deliver on dis- 
charge 60 milliampere-seconds. 

Figure 80 is a schematic diagram of a capaci- 
tor-discharge unit. The condenser is charged by 
power obtained from a generator which may be 
a conventional 4-kenotron full-wave apparatus. 
The charging operation is performed by simply 
energizing the transformer. During the charging 
period, a time dependent upon the power output 
of the rectifier, the discharge switch is in the 
open position, isolating the x-ray tube from the 
remainder of the circuit, After the capacitor is 
fully charged, the exposure is made by closing a 
hand switch which actuates the solenoid control- 
ling the discharge switch. 

The x-ray tube may be thought of as a resist- 
ance whose value depends on the number of elec- 
trons available for the conduction of current 
from cathode to anode. If the electron emission 
as determined by the filament temperature is 
high, the effective resistance of the tube is com- 
paratively small, and the discharge of energy in 
the condenser takes place very rapidly, 1/50 
second, for example. If the filament current is 
low, the effective resistance of the tube is high, 
and the discharge time is comparatively long, as 
for example, 1 second. In both cases the total 
amount of energy discharged through the tube is 
the same. This circuit is unique in that there 
is no timing element to control the length of the 
exposure, this being determined by the capacity, 
the voltage, and filament current as indicated 
above. 

As with other types of generators, the permis- 
sible rate of discharge is limited by the tempera- 
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ture of the focal area of the x-ray tube employed. 
For a rotating-anode tube with a focal spot of 
1 mm? (projected) the values in Figure 81 are 
the maximum permissible ratings when operated 
from a 1 microfarad capacitor. 


Useful Discharge 


Time KV P Peak MA 
149 Second 70 450 
145 Second 64 600 
149 Second 58 725 
14, Second 48 800 


Fic. 81. Energy rating for a rotating-anode tube operating 
from a condenser discharge apparatus, capacity 1 micro- 
farad. 


The useful discharge time given in Figure 81 
is that portion of the total discharge time which 
is effective in producing roentgenographic den- 
sity. 

Figure 82 is a reproduction of an oscillographic 
record of tube voltage and current for a unit em- 
ploying a 1 microfarad capacitor in which the 
filament temperature is high enough to produce 
a very rapid discharge. In this case the total 
discharge time is 1/120 second. If the filament 
temperature is decreased appreciably, an oscillo- 
gram of the form shown in Figure 83 results. The 
same total energy is given off by the capacitor in 
both cases, but the time in which the discharge 
takes place is quite different. 

Capacitor discharge apparatus is a specialized 
type which has had a limited application in chest 
radiography. It has been used in attempts to 
operate from power supplies of limited capacity. 
In stereoscopic radiography this is not possible 
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Fic 82. Oscillographic record of tube voltage and current, 1 microfarad capacitor, high filament temperature. 
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Fic. 83. Oscillographic record of tube voltage and current with decreased filament temperature. 


because two exposures in rapid succession are 
required. The charging apparatus must then be 
sufficiently powerful to charge the capacitor in a 
fraction of a second thus obviating the advantage 
of the reservoir action of the discharge principle. 

Since milliampere-seconds cannot be controlled 
independently of kilovolts peak, flexibility in 
technic is another disadvantage, one which is 
only partially overcome by providing a selection 
of capacitor values in the equipment. For exam- 
ple, if the condenser is of 1 microfarad capacity, 
the quantity of electricity stored in it when fully 
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charged is 60 milliampere-seconds at 60 kilovolts 
peak; for 14 microfarad, 30 milliampere-seconds 
at 60 kilovolts peak. This quantity is completely 
discharged through the x-ray tube when the ex- 
posure is made and it cannot be regulated except 
as to the time in which the discharge takes place 
as previously described. 

Because of difficulty in stereoscopy, limited 
flexibility in selection of radiographic technic, 
and appreciably greater cost compared with con- 
ventional equipment, condenser discharge appa- 
ratus has not found extensive use. 
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CHAPTER V 


Radiographic Calibration 


HE DEVELOPMENT Of any science brings with 

it not only an increase in utility and a 

broadening field of application, but a grow- 
ing need for more perfect tools by those engaged 
in the practice of that science. As an individual 
increases his proficiency, he becomes more aware 
of technical problems. 

X-ray technicians have become more proficient 
year by year, recognizing these technical prob- 
lems. This chapter is devoted to one of those 
problems which means a great deal in the pro- 
duction of a better end result. This is the problem 
of calibrating energizing equipment in such a 
way that a milliampere-second procedure may be 
employed over the entire efficient range of the 
available equipment. 

Experience has shown that kilovolts peak, as 
measured with the sphere gap, multiplied by mil- 
liampere-seconds (milliamperes multiplied by 
time), cannot successfully be used as a measure- 
ment of quality and quantity of x-ray energy 
emanating from the x-ray tube. This has been 
known for a great many years, but it has been 
only in the past few years that a means has 
been found whereby the x-ray beam may be 
calibrated in terms of quality and quantity of 
x-ray energy over the entire efficient range of the 
energizing equipment. The word “efficient” is 
used because there are many instances wherein 
an energizing equipment may be rated at, for 
example, 500 milliamperes, yet have a radio- 
graphic efficiency rating of only 250 to 300 mil- 
liamperes, and such an equipment may be suc- 
cessfully calibrated only up to these milliampere 
values. 

This method of calibration is referred to as 
radiographic calibration. When an energizing 
equipment has been properly calibrated radio- 
graphically, the user may greatly increase the 
flexibility of his equipment because then he will 
be able to predict the end result even though 


wide variations may be made in milliamperage 
from a baseline procedure. 

This method provides a means for utilizing 
a milliampere-second technic rather than a set 
procedure made up of milliampere and time 
values, thus stabilizing a given quality per kilo- 
volts peak, regardless of the milliamperage, pro- 
viding the time is changed to maintain the origi- 
nal milliampere-second value. 

For example, suppose that the procedure em- 
ployed for an extremity is 20 milliamperes, 5 
seconds, 40-inch distance, and 50 kilovolts peak. 
The milliampere-second value is 100. Because of 
the danger of motion it is desired to reduce the 
time to one second without changing the quality 
of the end result. If the equipment has been 
radiographically calibrated, 100 milliamperes at 
50 kilovolts peak, or 100 milliampere-seconds, 
is used. This applies over the entire efficient 
range of the energizing equipment. 

A milliampere-second procedure cannot be 
used unless the quality and quantity of x-ray 
energy per kilovolts peak-milliampere-seconds 
over the efficient range of the equipment is con- 
stant. There can be no doubt that the best radio- 
graphic result requires variable procedures for 
the same part. Modern transformer and control 
design should make this possible in such a way 
that the results are predictable without the ne- 
cessity for testing or guessing, as the case may be. 

It is impractical in most instances for the 
technician to completely calibrate his equip- 
ment radiographically because essentially this 
is a manufacturing laboratory procedure. How- 
ever later in this chapter (see page 69) a pro- 
cedure will be given which may be used by the 
technician as an approximate radiographic check 
on x-ray generator performance. 

Complete radiographic calibration of any x-ray 
generator requires the utmost care if the most 
useful results are to be obtained. Bear in mind 
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that the finished calibration chart of kilovolts 
peak and milliamperes, whether incorporated as 
a part of the equipment or in separate chart 
form, must be based on both quantity and 
quality of x-ray energy. Thus it is essential that 
the milliampere value be correct to plus or minus 
3 per cent, and the time factor may be sufficiently 
accurate so that it will not affect the film density. 
For this reason an impulse timer is employed 
for the timing of all exposures shorter than 2 sec- 
onds. Most impulse timers have a range of 1/60 
or 1/120 second to 1/5 second. Thus, for a 
2-second exposure, ten 1/5-second exposures are 
made. For exposures over 2 seconds, a modern 
synchronous timer is ordinarily quite accurate 
and dependable. 

The first step is to establish a baseline of 
kilovolts peak and milliamperes. This baseline 
calibration is at a low milliampere value, 10 to 
50, depending on the range of the energizing 
unit, A'100-milliampere unit, for example, would 
have a baseline of 10 or 20 milliamperes. A 200- 
milliampere unit, 20 to 30 milliamperes. A 500- 
milliampere unit, 20 to 50 milliamperes. 


100 


At these milliampere values, accurate sphere 
gap readings can be made. At the low milliam- 
pere values mentioned, it is quite practical to 
accurately determine sphere gap voltages as the 
milliammeter may be read and altered, if nec« 
essary, as the spheres are brought together due to 
the length of time the tube may be safely ener- 
gized. The resulting kilovolts peak values are 
carefully corrected for atmospheric conditions. 

After the baseline milliamperage has been 
chosen, eight points of calibration are taken be- 
tween 30 kilovolts peak and 100 kilovolts peak; 
that is, 10 kilovolts peak apart. If the autotrans- 
former indicates button numbers rather than 
kilovolts peak, the autotransformer setting is 
changed until the desired kilovolts peak is meas- 
ured with the sphere gap, to plus or minus 1 
kilovolt peak, and charted on a graph, See Fig- 
ure 84, which represents only the baseline. 

If the autotransformer buttons read directly in 
kilovolts peak, these values are disregarded and 
referred to merely as buttons. For example, sup- 
pose that the sphere gap, operating under proper 
conditions, reads 45 kilovolts peak. If the kilo- 
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Fic. 84. 50-milliampere baseline calibration (sphere-gap). The calibration at this value can generally 
be taken from the chart furnished with the apparatus. 
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volts peak dial reads 52, then it is obvious that 
a correction must be made. Manufacturers have 
various ways of doing this, one being by shift- 
ing the kilovolts peak dial. 

It is from the sphere gap calibration (base- 
line) at low milliamperage that all other kilo- 
volts peak-milliampere values are determined 
radiographically. There is no doubt that under 
certain conditions and with some types of equip- 
ment, it is possible that the low milliampere 
values may not represent the highest x-ray out- 
put per kilovolts peak-milliampere-seconds due 
to wave distortion. Experience indicates, how- 
ever, that this is rare and in general the low mil- 
liampere values are the most favorable to check 
with the sphere gap from this standpoint. It is 
at the medium and high milliampere values 
that difficulties may occur. 

As previously discussed, the baseline is now 
complete, and radiographic calibration begins. 

The subject used is an aluminum penetrometer 
or ladder having 11 steps. The first is 5 milli- 
meters and each succeeding step 3 millimeters 
additional, step 11 having a thickness of 35 milli- 
meters. The width is just under 3% inches so 
that four views of the penetrometer can be made 
on one 14 by 17 film lengthwise. 

Radiographic calibration, when properly done, 
necessitates the use of intensifying screens, usu- 
ally the Parspeed type. /¢ is only by using in- 
tensifying screens that small differences in 
density are visible. The latitude without screens 
is such that wide variations in kilovolts peak 
and/or milliampere-seconds might occur with- 
out sufficient visible difference. This also applies 
to any particularly slow intensifying screen. 

The following is the actual procedure in radio- 
graphic calibration. The example in this instance 
is an energizing unit having a rated capacity of 
500 milliamperes at 85 kilovolts peak. The base- 
line, made as previously described is at 50 milli- 
amperes as in the graph, Figure 84. 


The first milliampere value above 50 to be 


radiographically calibrated is 100 milliamperes. 
The penetrometer is placed to one side of the 
film or cassette, Figure 85, and the balance of 
the film protected with lead. Each exposure on 
each film must be carefully marked. The focal- 
film distance must be sufficiently great so that 
danger of anode cutoff is eliminated. Usually 60 
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Fic. 85. Position of penetrometer on film 
for calibration exposure. 


inches or 72 inches are employed. This greater 
distance also serves another purpose in that 
at the higher voltage and milliampere values the 
proper density will be obtained without resorting 
to impractical exposure time values. 

Inasmuch as the example given is a 500-milli- 
ampere generator, it is necessary to use a rotat- 
ing-anode tube in order to carry the maximum 
values. 

The autotransformer is adjusted for 30 kilo- 
volts peak at 50 milliamperes as shown on the 
baseline calibration, A number of 500-milliampere 
generators cannot be operated as low as 30 kilo- 
volts peak at 50 milliamperes, in which case the 
starting point should be the lowest kilovolts peak 
value obtainable. 

Regardless of how the penetrometer is made 
up as regards thickness of the various steps, a 
sufficient number of milliampere-seconds should 
be employed to show at least the two bottom 
steps at the lowest kilovolts peak value. As each 
succeeding exposure is made with increased 
kilovolts peak values, more and more steps will 
show. The number is not particularly important 
except at the very low voltage, in which case 
a minimum of two steps should be visible. 


69 


e 


The actual problem. The first exposure, taken 
from the baseline, is made with the penetrometer 
positioned as in Figure 85. There are three 
spaces left on the cassette for subsequent expo- 
sures. The penetrometer is moved to the second 
space, the first as well asthe last two being 
covered with lead, and the first 100-milliampere 
exposure is made in the same number of milliam- 
pere-seconds as exposure No. 1. In this case, 
whatever time of exposure was used at 50 milli- 
amperes is reduced to one-half at 100 milliam- 
peres, and a higher autotransformer button must 
be used. It may be only one or two, but what- 
ever the number is, the objective is to find the 
autotransformer button at 100 milliamperes, 
which will produce a density that will duplicate 
the calibration exposure. The three exposures at 
100 milliamperes should be made approximately 
one button apart on the average equipment. 

Following processing of the film, it will be 
found that one of the 100-milliampere exposures 
either matches the 50-milliampere calibration ex- 
posure or at least is nearer to it than the other 


two. [t must be kept in mind that in matching 
penetrometer films all of the steps which have 
been shown on the baseline exposure must be 
matched by one of the three exposures made at 
100 milliamperes. It is well to mention here that 
this applies for the entire calibration at all milli- 
ampere values. 

When the proper autotransformer setting has 
been found, it is plotted on the graph or chart 
as 30 kilovolts peak at 100 milliamperes. 

The next calibration point is 40 kilovolts peak, 
and the same procedure is followed. In other 
words, the first exposure is at 50 milliamperes 
and the 40 kilovolts peak value is taken from the 
baseline. Following this the autotransformer but- 
ton is found which at 500 milliamperes will du- 
plicate the baseline film or exposure on all visible 
steps of the penetrometer. Upon completion of 
the 100-milliampere calibration, it is customary 
to calibrate at 200, 300, 400, and 500 milli- 
amperes. 

Figure 86 is a completed calibration of a 
500-milliampere equipment as done in the fac- 
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Fic. 86. Completed radiographic calibration of 500-milliampere unit. 
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tory by the manufacturer. Oftentimes if a cali- 
bration is done in the field, the technician may 
not desire as many values as shown in Figure 
86; particularly is this true with older types 
of apparatus. 

It should be seen from the foregoing descrip- 
tion of radiographic calibration that if an equip- 
ment can be, and is calibrated radiographically, 
it places the operator in a position whereby many 
technical procedures are made available. If the 
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standard procedure for an antero-posterior lum- 
bar spine is 100 milliampere-seconds, 40-inch 
distance, 60 kilovolts peak, it makes no difference 
as to how the milliampere and time factors are 
changed so long as the limit of the tube is not ex- 
ceeded. Whether it be 100 milliamperes for 1 
second, 200 milliamperes for 14 second, 400 
milliamperes for 4 second, or 500 milliamperes 
for 14 second, the quantity and quality of x-radi- 
ation is constant. 
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Fic. 87, Change in density produced by change of 1 kilovolt peak at values between 30 and 40 kilovolts peak. 
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Fic. 88. Change in density produced by change of 2 kilovolts peak at values between 60 and 70 kilovolts peak. 


Changes visible when using the penetrometer 
for calibration are very much more noticeable 
than in the case of regular routine radiography. 
In other words, it is much easier to see a 2 kilo- 
volts peak change when using a penetrometer 
than it is when taking a lumbar spine radiograph. 

The reproductions accompanying this chapter 
are presented for the purpose of demonstrating 
the general appearance of various penetrometer 
exposures. 
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Figure 87 demonstrates the difference in 
density brought about by a change of 1 kilo- 
volt peak at values between 30 and 40 kilovolts 
peak. The differences in density are plainly 
visible, 

Figure 88 demonstrates the difference in 
density brought about by a change of 2 kilovolts 
peak between 60 and 70 kilovolts peak. At 
these voltages it requires a change of 2 kilovolts 
peak to make a noticeable change in density. 
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Figure 89 demonstrates the difference in 
density brought about by a change of 3 kilovolts’?. 
peak at values between 70 and 80 kilovolts peak. 
At these voltages it requires a change of 3 kilo- 
volts peak to make a noticeable change in 
density. 

Figure 90 is an example of radiographic cali- 
bration. In this instance it will be noted that the 
baseline calibration is 10 milliamperes. The base- 
line exposure is 10 milliamperes, 55 kilovolts 

& 


pp peak, as taken from a baseline calibration using 

25 milliampere-seconds. As mentioned previ- 
s ‘ously, the second, third, and fourth exposures 
represent the radiographically calibrated values 
at 500 milliamperes. Each of these three pene- 
trometer exposures was taken at 25 milliampere- 
seconds, the same as the baseline exposure but 
at 500 milliamperes. Careful inspection of these 
penetrometer exposures will show that exposure 
No. 3 more nearly matches the calibration ex- 
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Fic. 89. Change in density produced by change of 3 kilovolts peak at values between 70 and 80 kilovolts peak. 
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Fic. 90. Example of radiographic calibration, baseline at 10 milliamperes. 


posure. Thus, autotransformer button 68 should 
be plotted on the graph as 55 kilovolts peak. 

A full and complete radiographic calibration 
would be exceedingly difficult for the technician 
to make unless the necessary materials were 
available. Therefore it is felt that it might be of 
value to the technician to describe a procedure 
that may be used for an approximate radio- 
graphic check on the performance of the gen- 
erator installed. 


Instead of using a penetrometer made of alumi- 
num, the next best type of penetrometer is a 
human chest, If the generator capacity is 100 
milliamperes, it is recommended that two radio- 
graphs be taken, one using 10 milliamperes, 2 
seconds, 72-inch distance, 55 kilovolts peak, 
with screens. This is, of course, with the assump- 
tion that 20 milliampere-seconds and 55 kilo- 
volts peak will provide a useful density at 72 
inches. Following this on the same patient, use 
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100 milliamperes, 1/5-second, or 20 milliampere- 
seconds, and 55 kilovolts peak. 

Theoretically these two films should be ap- 
proximately of the same technical quality, even 
though motion would probably be visible in the 
2-second exposure. 

If the equipment has a capacity of 200 milli- 
amperes, follow the above procedure, but use 
1/10 second at 200 milliamperes, instead of 1/5 
second at 100 milliamperes. The lower milli- 
ampere chests should be taken with the factors 
given above. 

If the equipment has a rating of 500 milli- 
amperes, and an impulse timer and rotating- 
anode tube are available, the low milliampere 
chest should be taken at 50 milliamperes, 1/2 
second, 72 inch distance, at the kilovolts peak 
given above, namely, 55. The high milliampere 
chest should be taken at 500 milliamperes, 1/20 
second, using the same kilovolts peak value. 

There will be some difference between each 
pair of films. It would not be at all unlikely 
if one film were slightly darker than the other 
by perhaps 2 or even 3 kilovolts peak. However, 
if it is found, for example, that the 50-milli- 
ampere chest on the 500-milliampere unit is 
somewhat near correct, and the 500-milliampere 
chest is virtually a blank, then it should be evi- 
dent that it would be entirely impractical to use 
a milliampere-second procedure over the entire 
range of the apparatus. This may be caused by a 


poor power supply not recognized at the time of 
installation of the apparatus, or it may be a 
change in wave form as between the two tech- 
nical procedures, The manufacturer’s represen- 
tatives should have little or no difficulty in find- 
ing where the trouble lies. 

Finally, the value of radiographic calibration 
and of equipment specifically designed to utilize 
it is mainly to the user of the apparatus. It is 
becoming increasingly evident that the technic 
of the future will require highly variable pro- 
cedures. In order, however, that variable pro- 
cedures be utilized with a degree of simplicity 
necessary to make their use widespread, there is 
a definite means for the actual expression of the 
output of the x-ray generator in terms of the 
ultimate effect upon the film to be used for 
diagnosis, Radiographic calibration is just such 
an expression. With equipment so calibrated, it 
becomes possible to use a complete milliampere- 
second procedure over its entire useful range. 

The technician is then not confined to any set 
technic but has available a multiplicity of pro- 
cedures which makes possible a better end result 
based upon the individual and particular area, 
and not upon an unsound basis of attempting to 
use a specific technic for a given part of the body 
regardless of the existing pathology or the many 
other factors which enter into the production 
of radiographs of the highest diagnostic qual- 
ity. 
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RESENT DAY knowledge of radiography has 

proceeded from an accumulation of facts 

derived intuitively, unrelated, disorganized, 
and little understood. A number of interested and 
inquiring persons have for many years, by the 
application of logical reasoning and experimental 
investigation, progressed from the trial and error 
method of procedure to an orderly system of cor- 
relating the many physical factors and laws 
which are interrelated. 

In the field of operative x-ray technic the 
foremost problem is that of determining a means 
whereby the utmost tissue differentiation may be 
shown radiographically in any part of the body. 

To produce a radiograph of any part or area 
that will make possible the visualization of all 
the structures simultaneously, and so plainly 
visible that they may be readily identified, is the 
ideal. Any technical procedure must obviously be 
based upon those factors which can be success- 
fully utilized and controlled with the equipment 
and tube available. The operator must thor- 
oughly understand the manipulation of the vari- 
ous factors necessary to consistent duplication of 
high quality radiographs, and further, if appli- 
cation of the principles involved is carried to 
the limit of the capability of the equipment, 


the result will be of the highest quality. 

What is a radiograph? It is a permanent record 
of the variation in x-ray opacity brought about 
by proportionate differences in x-ray absorp- 
tion of the respective tissues. Were it not for the 
fact that the various structures within the hu- 
man body varied in opacity, radiography would 
be impossible, On the other hand, if there were a 
very definite difference in opacity or absorption 
between each and every type of tissue and under 
all conditions, radiography would indeed be very 
much simplified. Or, if the human body were 
made up in such a manner that tissues adjacent 
to each other varied considerably in opacity or 
x-ray absorption, many of the difficulties in 
surmounting the problem of maximum tissue dif- 
ferentiation would be obviated. 

In those areas within the body wherein a con- 
siderable variation in opacity does exist, a mul- 
tiplicity of technical procedures will produce ex- 
cellent results. On the other hand, as this dif- 
ference in opacity is reduced between one part 
and another immediately adjacent to it, or be- 
cause of intervening tissues, the operator is 
confined to a relatively narrow range in operative 
procedure if maximum differentiation of tissue 
is to be obtained. 
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In a satisfactory radiograph, structures will 
be visible to the extent that they are differenti- 
ated from their surroundings due to differences 
in opacity or contrast. 

After recognizing a particular part by virtue 
of its tissue differentiation, it is natural to look 
for detail sharpness. The lines of structure may 
be sharp or diffuse, one of the characteristics 
which establishes the quality of the film. Most 
of the factors which control this quality, as will 
be seen later, are mechanical or geometrical. 

Maximum differentiation of tissue is realized 
only when the film shows both maximum sharp- 
ness of detail and maximum visibility of detail. 

It is not intended that the following material 
shall go into the fullest detail regarding each of 
the factors presented. The purpose is to present 
these factors in the form of general considerations 
and to so segregate them that a better under- 
standing of the prime essentials, sharpness of 
detail and visibility of detail, is obtained. 


I. Detail Sharpness or Definition 
A. Size of Tube Focal Spot 


The focal area of an x-ray tube is the area 
of electron bombardment on the target or, 
more generally, that portion of the anode which 
intercepts the electron stream. Since x-rays are 
generated as a result of this bombardment, the 
focal area can further be described as the region 
from which the rays diverge as they proceed from 
the tube. The terms “focus” and “focal spot,” 
often loosely used as synonyms, have attained 
general acceptance by common understanding. 
It is important to recognize that the x-ray beam 
is emitted not from a point, but from a definite 
area, rectangular in modern radiographic tubes, 
the actual dimensions of which range from 1 
millimeter (the width of the smallest) to ap- 
proximately 5 millimeters (the width of the 
largest). To cover this range, there is a selection 
of standard sizes available, in single and double 
focus combinations. 

The underlying reason for the development of 
higher powered apparatus was to overcome the 
difficulties in diagnostic value which have re- 
sulted from loss of detail due to motion. There 
was a demand for and a need for a reduction in 
exposure time to diminish the effect of motion 


on detail sharpness of the various parts of the 
body. In tracing this development, it is found 
that in many cases the time of exposure has been 
reduced from a matter of seconds to a small 
fraction of a second. 

The use of high power x-ray apparatus with a 
resultant decrease in time required for radiog- 
raphy of those regions subject to motion brought 
with it one disturbing complication which limited 
full realization of the improvement in definition, 
or detail sharpness. X-ray tube energy rating 
must be increased to safely handle the in- 
creased power. Since most of the energy dis- 
sipation for short-time exposures takes place 
in the focal area, this must be made progressively 
larger with the capacity of the radiographic 
equipment. The table, Figure 91, shows a rela- 


Tube Rating at 70 

Kilovolts Peak, 

Focal Spot Size 1/10 Second 

1.5 millimeters 38 milliamperes 
2.0 millimeters 80 milliamperes 
2.7 millimeters 125 milliamperes 
3.8 millimeters 200 milliamperes 
4.5 millimeters 275 milliamperes 
5.1 millimeters 325 milliamperes 
1.0 millimeters (rotating) 200 milliamperes 
2.0 millimeters (rotating) 500 milliamperes 


Fic. 91. Relationship between size of focal area and 


maximum permissible tube current at 70 kilovolts peak, 
1/10 second, full-wave rectifier. 


tionship between size of focal spots and tube rat- 
ings. The dimensions given are the size of a 
square projection at 90 degrees to the tube 
axis in the plane of the long dimension of the 
incident electron beam. The ratings supplied are 
for full-wave rectified equipment. It is seen from 
these fragmentary ratings that the energy limita- 
tions bear a definite relation to size of focal 
area, With properly designed generating appa- 
ratus, the x-ray output should be proportional 
to the tube current (milliamperes) and so the 
circle is completed. With more powerful tubes 
and equipment, the exposure values are reduced 
and the effect of motion is diminished. 

Figure 92 illustrates the projection of a line 
between the end points P, and P, removed some 
distance from the film surface. It may represent a 
line of structure within the body resting on 
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Fic. 94. Radiograph of lumbar spine, 4.5 
millimeter focal spot. 


to accomplish this reduction in time of 
exposure. 

3. The necessity for x-ray tubes with increased 
focal areas in order to adequately take care 
of the greatly increased power. 

4. Limitation of desirable detail sharpness by 
geometric blurring resulting from large 
focal spots, but a certain net gain in the 
combined use of high power equipment, and 
x-ray tubes with large focal spots over low 
power equipment with small focal spots. 


B. The Rotating-Anode Tube 


With the resultant energy becoming greater 
and the size of the effective focal spot becoming 
larger, it can be well seen that a vicious circle 
was rapidly developing. At this point a practical 
means to the desired end was found. Note that 
the statement as made refers to a practical means 
because a theoretical means has been known for 
some time. A number of years ago Dr. Elihu 
Thompson of the General Electric Company de- 
veloped an x-ray tube having a rotating target. 
Basically it involves moving the target area of 
electron bombardment with respect to the elec- 
tron beam so that for the entire duration of the 
exposure the area under impact is constantly 
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Fic. 95. Radiograph of lumbar spine, 1 
millimeter focal spot. 


changing. With the utilization of the rotating 
target tube, there resulted a greatly increased 
energy rating in comparison to that of the 
stationary anode tube, having the same focal 
spot size. Since most of the energy dissipation 
for short-time exposures takes place over the 
focal area, it is evident that the greatly increased 
area must result in a greatly increased capacity. 
The theory of the rotating-anode tube is de- 
scribed in Chapter II. 

Thus, by combining the possibilities of short- 
time exposures to reduce the effect of motion 
with small focal spots which require no sacrifice 
of the advantage gained, the rotating target tube 
becomes the effective solution to the basic prob- 
lem of -sharpness of detail. 

A single-focus rotating-anode tube which has 
an effective focal spot of 1.2 millimeters can be 
considered ideal for 200-milliampere apparatus. 
Its rating is amazingly high and all radiographic 
work can be done between 100 and 200 milli- 
amperes. Despite its small effective focal spot 
size, its rating is greater than that of the largest 
focal spot of any stationary anode tube available. 
Because of its high rating, it is unnecessary to 
make use of the double focus principle with 
apparatus of 200-milliampere capacity. 
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Fic. 96. Cassette with two intensifying screens. 


C. Intensifying Screens 


Rontgen’s earliest observations on the prop- 
erties of this then newly discovered x-ray were 
concerned with the excitation of visible light from 
chemical crystals subjected to x-ray bombard- 
ment. It was, as a matter of historical fact, this 
fluorescence from a paper surface coated with 
barium platino-cyanide that initiated his surmise 
of some unknown form of radiation as its cause. 

The researchers of that time were not long 
in recognizing that a surface of chemicals placed 
behind the photographic plate would, by its 
light emission, intensify the effect of x-radiation 
which had already done its work on the sensitized 
plate. 

Intensifying screens are layers of fluorescent 
chemicals which, in modern practice, are placed 
in contact with both surfaces of the x-ray film 
and affect the sensitized emulsion by giving off 
light. Figure 96 is a photograph of a cassette 
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employing two intensifying screens in a light- 
tight container, the front screen in this case 
being less absorptive than the back screen, This 
fact, incidentally, is usually true. Figure 97 shows 
the cumulative effect of x-ray and light on the 
film. 

Present day films of the type used with in- 
tensifying screens are selectively sensitive to the 
blue, violet, and near ultraviolet radiation given 
off by calcium tungstate, a chemical in common 
use. So marked is its effect that the light given off 
by the screens actually produces far more density 
on the film than does the x-radiation itself. Ex- 
periments show that under some conditions less 
than 2 per cent of the film-blackening effect 
is caused by the x-ray beam, and more than 
98 per cent by the fluorescent light given off by 
the screens. For a given density in this case, 
the actual amount of x-ray energy could be re- 
duced to about 2 per cent or 1/50 of that re- 
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Fic. 97. Diagram showing the cumulative effect of x-ray and fluorescent light on the film. 
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quired if no intensifying screens were employed. 

Intensifying screens are used primarily to re- 
duce x-ray energy. This could be in the form 
of voltage, milliamperage, in time, and in some 
instances all three of them. The amount by which 
x-ray energy may be decreased for a given film 
density is the function of kilovolts peak and the 
speed of the intensifying screens. 

The tabulation, Figure 98, is the approximate 


Kilovolts Peak K “Screen Constant’ 


30 10 
40 20 
60 35 
80 40 
100 50 


Fic. 98. Approximate screen constants for Parspeed 
screens in comparison to regular films without screens. 


intensifying ratio for Patterson Parspeed screens 
at various tube voltages. The figures given rep- 
resent screen constants which can be defined 
as the ratio in exposure time for densities with 
and without double screens. This ratio applies 
only when using regular film, 

It is evident from the above tabulation that 
there is no particular screen factor. The x-ray 
wavelength exerts such an influence on the quan- 
tity and character of light emitted by the fluo- 
rescing crystals, that wide variations in intensifi- 
cation occur. In the voltage range of diagnostic 
radiography, that is, to 100 kilovolts peak, the 
screen constant increases with increase of voltage. 
The relationship is not a straight line as indi- 
cated in the approximate figures of the table, but 
a complex curve thus determined by actual tests. 

Another factor which affects the amount of 
light given off by intensifying screens is the size 
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Fic. 100. Radiograph of a hand taken without 
intensifying screens. 


of crystals which constitute its surface. The ema- 
nation increases with the increase in the size of 
these crystals, a variable which can be controlled 
only in the manufacturing process. It might 
appear then that the most desirable screen would 
be one that permits the shortest possible ex- 
posure time. 

The next consideration is the effect of inten- 
sifying screens on detail sharpness. The scat- 
tering effect of large chemical grains diffuses the 
image in a manner shown in Figure 99. The sharp 
lines become blurred by scattered light and the 
detail less easily discernible as crystal size is 
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Fic. 99. Diagram showing relative light scattering effect of different types of screens. 
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Fic. 101. Radiograph of a hand taken with 
high speed screens. 


increased. Figure 100 is a radiograph of a hand 
taken without intensifying screens. Figure 101 
is a radiograph taken with high speed screens 
in 1/40 the time. The difference in detail sharp- 
ness is more evident in the original radiographs, 
but it is not so apparent in the reproductions. 
To produce the best possible result, manufac- 
turers have found it desirable to offer a variety 
of screens to permit compromise between speed 
and detail, consistent with the capacity of the 
X-ray energizing apparatus employed as well as 
the x-ray tube. These are: 

1. Hi-speed screens. Best used with equip- 
ment having a capacity of 30 milliamperes 
or less, 

2. Parspeed screens. Best used with equipment 
having a capacity of 100 milliamperes or 
higher. The detail is superior to that ob- 
tained with Hi-speed screens, but the in- 
tensifying factor is reduced. 

3. Detail screens. Best used for extremities, 
head, and spine work, where utmost detail is 
desired and where sufficient power is avail- 
able to keep exposure time within reason- 
able limits. These may be used in combina- 





tion with Hi-speed or Parspeed screens 
for special application. The detail is su- 
perior to that obtained with Hi-speed or 
Parspeed screens, but there is a considerable 
difference in speed. 

Recently it has been found that it is of 
great importance to note that the temperature 
of the screens has an appreciable effect on their 
speed or intensifying action, and within the 
limit of variation normally encountered, a fac- 
tor of some importance. 

A recent study of screen behavior between 50 
degrees F. and 120 degrees F. is summarized 
in Figures 102, 103, and 104. From the first 
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Fic. 102. Variation of intensity of fluorescence of 
Parspeed screens with temperature. 


of these it is seen that at 50 degrees F, the speed 
relative to 75 degrees F. is 122 per cent. At 115 
degrees F. it is 62 per cent. Expressing these 
ratios in terms of relative milliampere-seconds 
required for equal densities, Figure 103, 8 milli- 
ampere-seconds at 50 degrees F. is equivalent 
to 10 milliampere-seconds at 75 degrees F., and 
18 milliampere-seconds at 120 degrees F. From 
a practical viewpoint, the curve, Figure 104, is 
most useful, since it expresses the kilovolts peak 
compensation to maintain constant density at 
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Fic. 103. Milliampere-seconds required at different tem- 
peratures for constant film density with Parspeed screens. 
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Fic. 104. Kilovolts peak change with temperature to 
maintain constant film density with Parspeed screens. 


various screen temperatures. At 50 degrees F., 
2%4 kilovolts peak must be subtracted from the 
correct technic at 75 degrees F.; at 120 degrees 
F., 8% kilovolts peak must be added. 

Other data not shown indicates that practically 
all change in the speed is associated with the 
screens rather than the film. It was found that 
without screens, the speed is constant over the 
range indicated to within plus or minus 5 per 
cent. At the temperature of liquid air, —183 de- 
grees C., the speed is 85 per cent of that at 75 
degrees F., and in this case the film rather than 
the screen accounts for most, if not all, of the 
loss of speed. 

It has been shown that the use of intensifying 
screens always produces some diffusion of de- 
tail in the radiograph. Screens are required, how- 
ever, despite their effect on detail sharpness, be- 
cause they permit radiography of many areas 
of the body whose opacity would otherwise make 
necessary x-ray energies dangerous to the patient 
and to the apparatus. Where motion is a problem, 
intensifying screens reduce exposure time values 
by a factor of 149 to 49 that which would be em- 
ployed if no screens were used. It can be con- 
cluded that for all but the least absorptive parts 
of the body, and for all regions where unsharp- 
ness due to motion is a problem, intensifying 
screens with their accompanying diffusion effect 
are a necessity. 


D. Non-Screen Radiography 


Accepting these limitations, radiography with- 
out intensifying screens will be described as 
follows: 


1. Employing regular film. 
2. Employing the non-screen type of film 
made specifically for use without screens. 


1. Regular Film 


There is no common name to designate the 
conventional x-ray film which is ordinarily used 
at present. By mutual acceptance and under- 
standing it is referred to as “regular” film. 

The progressive stages in the development of 
the present regular film have been in the direc- 
tion of increasing its sensitivity, not to x-ray 
wavelengths, but to the blue, violet, and ultra- 
violet spectra excited in the fluorescing chemicals 
of intensifying screens by x-rays. This is pri- 
marily a screen film which can be used without 
screens if considerable additional energy is uti- 
lized. Such requirements limit the use of screen- 
less procedures with this type of film to the 
less opaque areas of the body, the extremity 
group. Figure 105 shows the approximate factors 


Region View Kilovolts Peak 
Ankle Lateral 54 
Knee Lateral 66 
Knee Antero-posterior 72 
Wrist Postero-Anterior 48 


Constant Factors—100 milliampere-seconds, 
40-inch distance 


Fic. 105. Approximate technical factors for extremities 
using regular film without screens. 


which could be utilized for a patient of average 
size. 

It is evident from these values that the useful- 
ness of such a technic is limited to parts of the 
body no more opaque than the knee, since even 
here a voltage value as high as 72 kilovolts peak 
is used for an average patient. Figure 106 is a 
radiograph of a postero-anterior knee, taken with 
regular film in a cardboard holder. Lack of con- 
trast due to secondary radiation becomes the lim- 
iting factor in technic and establishes the extent 
of its practicability. It will be further noted from 
this table that the required exposure time is such 
that the utmost in codperation from the patient 
is necessary. Technics used on uncooperative 
patients require fractional-second exposures, thus 
making a screenless procedure with regular film 
impractical. The restriction of regular film to a 
portion of the extremity group and further to co- 
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Fic. 106. Radiograph of a knee, postero-anterior, made 
with regular film in a cardboard holder. 


operative patients has limited its usefulness. 
However, the improved sharpness of detail which 
results from its use is desirable so that technics 
approximating those shown in Figure 105 are 
frequently used. 





Fic. 107. (Left) Radiograph of an elbow, antero-poste- 
rior view, taken with regular film and no screens at 54 
kilovolts peak. 


Fic. 108. (Right) Radiograph of an elbow, antero-poste- 
rior view, taken with regular film and no screens at 60 
kilovolts peak. 


Another characteristic of the screenless pro- 
cedure is its wider latitude to variations in pene- 
tration values. Using intensifying screens, a 
change of 3 kilovolts peak will ordinarily produce 
a visible change in density on the film. When 
the same type of film is used without screens, 





Fic. 109. (Left) Radiograph of an elbow, antero-poste- 
rior view, taken with regular film and screens at 54 
kilovolts peak. 


Fic. 110. (Right) Radiograph of an elbow, antero-poste- 
rior view, taken with regular film and screens at 60 
kilovolts peak. 


a change of 6 to 7 kilovolts peak is necessary in 
order to accomplish the same increase or de- 
crease in density on the film. Figures 107 and 
108 are radiographs of an antero-posterior elbow 
taken with regular film, no screens, at 54 and 60 
kilovolts peak. Figures 109 and 110 are taken 
with screens at the same kilovolts peak values, 
with a suitable reduction in milliampere-seconds. 


2. Non-Screen Type of Film 


The non-screen type of film has been devel- 
oped for the specific purpose of extending screen- 
less procedures beyond the limits of the regular 
film. Being made specifically for use without 
screens, it is more sensitive to x-ray wavelengths 
than is the regular type of film, the speed ratio 
being approximately 4 to 1. For the same degree 
of density on the film, the time of exposure can be 
reduced to one-fourth, the milliamperage can be 
reduced to one-fourth, or the tube voltage can 
be reduced 12 to 16 kilovolts peak (depending 
on the initial value). 
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The increased sensitivity of this film makes 
possible the extension of non-screen radiography 
to heavier parts of the body because: 

1. Lower kilovolts peak values can be used 
which causes a decrease in secondary radi- 
ation, resulting in improved contrast. 

2. The Potter-Bucky diaphragm may be uti- 
lized without the necessity for increasing 
exposure values much beyond those used 
for regular film in cardboard holders with- 
out the Potter-Bucky diaphragm. 

From Figure 111 it is seen that the shoulder 


Region View Kilovolts Peak 
Ankle Lateral 40 
Knee Lateral 52 
Knee Antero-posterior 58 
Shoulder Antero-posterior 64 
Wrist Lateral 40 


Constant Factors: 100 milliampere-seconds, 
40-inch distance 


Fic. 111. Approximate technical factors for extremities 
using non-screen film. 


may be radiographed using a lower kilovolts 
peak value than that employed for the knee 
with regular film. The improved contrast in the 
resulting film increases visibility of detail with- 
out increasing the time of exposure. 

It becomes possible with the non-screen type 
of film to utilize the Potter-Bucky diaphragm 
for the heavier extremities and certain views of 
the spine, as indicated in Figure 112. The tech- 
nics printed in the table, Figure 111, can be 
corrected to compensate for the use of most 
Potter-Bucky diaphragms by adding 13 to 16 
kilovolts peak to the values shown. Figure 113 
is a radiograph of a shoulder with non-screen 
type of film and the Potter-Bucky diaphragm 
using 100 milliampere-seconds and 70 kilovolts 


Kilovolts 
Region View Peak Distance 
Dorsal Spine _Antero-posterior 76 30 inches 
Dorsal Spine _ Lateral 76 30 inches 


30 inches 
25 inches 


Cervical Spine 
Atlas and Axis 


Constant Factors: 200 milliampere-seconds 


Antero-posterior 70 
Antero-posterior 64 


Fic. 112. Approximate technical factors for spine radi- 
ography using non-screen film and the Potter-Bucky 
diaphragm. 








Fic. 113. Radiograph of a shoulder taken with non-screen 
film and the Potter-Bucky diaphragm, 100 milliampere- 
seconds, 70 kilovolts peak. 


peak. The detail sharpness and wide latitude 
resulting from the use of this technic are clearly 
shown. 

If equipment is available which permits a 300 
or 400 milliampere-second technic in time of 
exposure sufficiently short to prevent motion, 
it is possible to extend non-screen technics with 
the Potter-Bucky diaphragm to parts heavier 
than those shown. Thus, a rotating-anode tube 
or a stationary-anode tube having a 2 milli- 
meter focal spot operating from a full-wave 
generator* may permit 300 milliampere-seconds 
to be obtained in 3 seconds with a rotating-anode 
tube or in 10 seconds with the small focus of a 
stationary-anode tube. 

Non-screen type of film requires longer time 
for processing. Development should be carried 
on for 7 minutes at 68 degrees F., or 514 minutes 
at 70 degrees F. The films should be washed 
thoroughly after removal from the developer and 
allowed to remain in the fixing bath for from 
10 to 15 minutes. If the film is to be viewed 
during development, it must be done by re- 
flected rather than transmitted light, since the 
emulsion thickness is so great that very little 
transmission of light takes place through it. 
With its increased speed, wide latitude, and 
better contrast, non-screen type of film has 
great value in modern x-ray technic. 

* Consult tube rating chart. 
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E. Relation of X-Ray Source to Film 
1. Position of Tube 


With respect to any position except that di- 
rectly under the center of the focal spot, the 
effective length or width of the focal spot will 
be altered, depending upon the relation of the 
object to the tube. This effect can be analyzed 
by reproducing the actual conditions in a typi- 
cal case. Assume that the object is an antero- 
posterior pelvis radiographed on a 14 by 17 film 
at 40 inches, with the long dimension of the film 
and the axis of the tube lengthwise with the 
table, the x-ray tube in this case having a pro- 
jected focal spot of 2 millimeters. 

Figure 114 shows the effective projection along 
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Fic. 114. Effective projection of focal spot along the 
axis of the tube. 


the 17-inch dimension of the film. Note that an 
angle of approximately 28 degrees is subtended. 
The length of the focal spot directly under the 
tube is 2 millimeters; at the end toward the 
cathode, 3.15 millimeters, and at the opposite 
end toward the anode of the tube, 0.75 milli- 
meters. For example, in the radiography of a 
pelvis, with the cathode toward the patient’s 
head, the iliac crests would be radiographed with 
a focal spot length more than 50 per cent greater 
than that directly over the center of the film and 
more than four times that employed for the 
femoral head. If, instead of the pelvis, the part 


were a lumbar spine, the same ratio would exist 
in comparing the first lumbar vertebra with the 
region of the sacrum, This change in focal spot 
configuration must be recognized especially 
where large film areas are to be covered. To min- 
imize this effect, the relation of the part to the 
position of the tube, and the nature of the radio- 
graph must be considered. For the pelvis, the 
change in definition from top to bottom is pref- 
erable to a marked change crosswise which may 
lead to a different appearance in the detail of 
the right and left sides. Figures 115 is a radio- 





Fic. 115. Radiograph of a pelvis made with a 2 milli- 
meter focal spot, axis of tube across the patient, anode 
end over the right side. 


graph of a pelvis made with a 2-millimeter focal 
spot, the axis of the tube across the patient with 
the anode end over the right side. The difference 
in detail sharpness in the bone cancellous struc- 
ture between the right and left sides is evident. 
The effect of this change in focal spot con- 
figuration need cause no concern providing the 
proper relation between focal-film distance and 
size of area covered are given consideration. 
The following tabulation of focal-film distance 
in relation to film size will be of assistance: 
For focal-film distances of 25 inches to 30 
inches, a film size of 8 by 10; 30 to 36 inches, 
a film size of 10 by 12; 36 to 40 inches, a 
film size of 14 by 17. 
However, where larger film areas are to be 
covered at the closer distances, the effects are 
readily discernible and, unless identified, may 
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affect the detail quality of the radiograph. Of 
particular importance in this connection is the 
asymmetrical change in length of the focal area 
from end to end of the x-ray tube as shown 
in Figure 114. The change in width, because of 
its symmetry, is less likely to be objectionable. 

Another factor which influences the importance 
of this effect is the size of the focal spot em- 
ployed. The examples were developed for a 2- 
millimeter focal spot. If a larger focal spot is 
utilized, the proportionate effect becomes greater. 
For example, if a focal spot 4.5 millimeters is 
used instead of the 2-millimeter focal spot, in 
Figure 114, the length of the focal spot directly 
under the tube would be 4.5 millimeters; at the 
cathode end of the film, 6.9 millimeters; and at 
the anode end of the film, 1.7 millimeters. To 
the eye, the disparity in detail sharpness between 
that portion of the radiograph taken where the 
1.7-millimeter dimension is effective and that 
portion where the 6.9-millimeter length is effec- 
tive, would be considerable. 


2. Focal-Film Distance 


Figure 116 illustrates the projection of a line 
with end-points P, and P, at the distance d, from 
the film surface shown at P,’ and P,’. The x-ray 





Fic. 116. Radiographic projection with large 
focal-film distance. 
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Fic. 117. Radiographic projection with shortened 
focal-film distance. 


tube has a focal area marked by the limits S, 
and S,. Sharpness may be evaluated diagram- 
matically by the degree of disparity between the 
end-point projections from S, and S,, indicated 
on the film plane by P,’ and P,’. If P, or 
P, is projected as a point, then all lines in the 
body structure will be sharp. If the projections 
of P, or P, from S, and S, do not coincide on 
the film but form displaced images, the lines of 
structure appear as blurred areas. 

The problem is to investigate the effect of 
the focal-film distance D, on sharpness of detail 
in the radiograph. The focal-film distance D, 
is much greater than the object-film distance 
d,. It is seen that the projections P,’ and P,’, 
though not points, represent but a small degree 
of blurring. The relationship in the diagram is 
that which would approximate a lateral lumbar 
spine and a focal-film distance of 40 inches. 
The focal area, however, has been made dis- 
proportionately large to permit illustration of 
double-image projection at this distance. 

Figure 117 represents the effect of shortening 
the focal-film distance. The construction is iden- 
tical except that D, is approximately half of D,, 
Figure 116. It is plainly seen that the projection 
of P, is now diffused over a greater area on the 
film; P,’ is much sharper than P,’. It is interest- 
ing to note that the projection of P,, instead of 
suffering loss of sharpness as a result of the de- 
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creased distance, may actually be somewhat im- 
proved in one dimension because of the angle at 
which the radiation leaves the target. Due to the 
fact that we are approaching the angle of the 
anode itself, the projected length of the focal area 
decreases somewhat as indicated in Figure 117. 
For most radiographs, however, the decrease in 
focal-film distance is accompanied by a marked 
decrease in detail sharpness; this is represented 
by the projection P,’. The increased angle at 
which x-radiation leaves the target results in pro- 
jections of the focal area which effectively in- 
creases its size except, as has been mentioned, in 
some cases of grazing incidence toward the anode 
end of the tube. 

All of this has a very immediate application in 
radiographic technic. Figure 118 is a radiograph 





Fic. 118. Radiograph of an antero-posterior hip, 
focal-film distance 25 inches. 


of an antero-posterior hip taken at a focal-film 
distance of 25 inches. Figure 119 is a radiograph 
of the same part taken at 40 inches on the same 
individual. It is evident that increasing the focal- 
film distance will improve the detail sharpness of 
all lines in the object being radiographed. For 
radiography of the heavier extremities, shoulder, 
spine, chest, and internal organs, this is a desir- 





Fic. 119. Radiograph of an antero-posterior hip, focal- 
film distance 40 inches. 


able quality, reflected in the tendency in modern 
technics, to increase the distance utilized for 
these parts. The extent to which this can be done 
is limited by the ratings of tube focal spots, since 
increasing the focal-film distance necessitates in- 
creasing the quantity of x-radiation for a desired 
density within the time limitations of exposure 
for the part. The rotating-anode tube with its 
high rating and small focal spots offers tremen- 
dous advantages in this respect. 

There are some instances in which the maxi- 
mum detail sharpness for all parts of the object 
being radiographed does not result in the best 
radiograph. We may, by deliberately diffusing 
intervening structures, produce maximum difter- 
entiation in areas of particular interest. A good 
example is the skull. By using focal-film distances 
of 20 inches to 30 inches, which today may be 
considered as “‘close,” those regions lying away 
from the film are blurred, and hence differentia- 
tion of the sharper structure close to the film is 
improved. The best mastoid technic utilizes a 
distance as close as 20 inches. Exposures for ribs 
are made with the area to be radiographed next 
to the film and a focal-film distance of 30 inches 
or less, The posterior ribs with the patient in the 
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postero-anterior position are blurred and magni- 
fied, offering little interference to visibility of the 
anterior portion. The reverse is true for the 
antero-posterior position. 

Where there is a problem in radiography which 
can be solved by rendering less sharp the detail 
of intervening structures, recognition of the effect 
of variation of focal-film distance may lead to a 
solution. 

In summarizing it is found that: 

1. Increasing the focal-film distance improves 

detail sharpness. 

2. Improved sharpness obtained by increasing 
focal-film distance is limited by the rating 
of the x-ray tube and motion, since increas- 
ing the focal-film distance necessitates in- 
creasing energy to maintain the desired 
density. 

3. Utilizing short focal-film distance solves 
certain problems in radiography because of 
resultant diffusion of detail in the portions 
of those parts at some distance from the 
film. 

4. The reason for the effect of focal-film dis- 
tance on detail sharpness is the accompany- 
ing change in the angle at which the x- 
radiation leaves the tube target. This angle 


S, 





Fic. 120. Radiographic projection of point close 
to the film surface. 


determines the effective projection of the 
focal spot which produces differences in 
detail sharpness. 


3. Object-Film Distance 


In Figure 120 the end-points of a line repre- 
senting a structural division of the object are 
projected to the plane of the film surface. The 
measure of detail sharpness is the degree of dis- 
parity between these end-point projections from 
the limit of the focal spot. 

In this figure there is shown a projection for an 
object-film distance, d,, which is proportionately 
small in comparison to the focal-film distance. 
Because of the small angle at which radiation 
from the focal area limits S, and S, leave the 
target, and end-points P, and P, produce double 
images P,’ and P,’, which are blurred but little. 
To the eye they would appear as sharp points, 
and the line of structure itself would be sharp. 
The relative distances in the diagram would cor- 
respond to the position of an elbow or lateral 
wrist with the tube 25 inches from the film. The 
focal spot is, however, disproportionately large 
to clarify the double projection. 

Figure 121 shows the effect of an increase in 





Fic. 121. Radiographic projection of point at an increased 
distance from the film surface. 
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Fic. 122. Radiograph of wire mesh, short 
object-film distance. 


object-film distance from d, to d,, all other fac- 
tors as in Figure 120. This change represents the 
relative position of a lateral lumbar spine on a 
fairly heavy patient, D again equal to 25 inches. 
P,” and P,” are diffused to a greater degree than 
P,’ and P,’ in Figure 120. The line of structure is 
blurred, and the radiograph lacks sharpness of 
detail. Note again that P,” is relatively sharper 
than P,”, as an effect of radiation approaching 
the angle of the anode itself. Figure 122 is a 





Fic. 123. Radiograph of wire mesh, increased 
object-film distance. 


radiograph of wire mesh, the object-film distance 
being relatively small. In Figure 123, the object- 
film distance is increased and the sharpness of 
detail visibly decreased. 

It is seen that the effect of size of focal spots 
becomes more marked in radiography of those 
parts of the body which, by their structure and 
position, must be at some distance from the film. 
For example, spines, particularly in lateral views, 
the gastro-intestinal tract, the genito-urinary sys- 
tem, and the lateral projection of the neck of the 
femur present problems because the object-film 
distance is generally from 4 to 10 inches and can- 
not be reduced. Since the very maximum in 
sharpness of detail is desired for these areas, one 
alternative is to increase the focal-film distance, 
another to employ a tube with a smaller focal 
spot. 


F. Aberration of Detail 


Another quality of the radiograph which must 
be analyzed is that characteristic which describes 
the truthfulness of rendition on the film of the 
size and shape of the structures being examined. 
The degree of variation of the film image with 
respect to the actual object is called aberration 
of detail and is dependent upon geometrical fac- 
tors. 

The simplest of the aberrations is magnifica- 
tion, resulting in increased image size due to pro- 
jection of the x-ray beam through an object at a 
distance from the film. Radiographically the ele- 
ment of magnification is of great importance be- 
cause it is present to some degree wherever the 
object being projected is not in immediate con- 
tact with the film. Figure 124 is a diagrammatic 
representation of the magnification resulting 
when an object, indicated by its end points P, 
and P,, is at a distance d from the film. With the 
x-ray tube in position No. 1, corresponding to a 
focal-film distance D, approximately six times 
the object-film distance, the image size is given 
by the distance P,’P,’. It is evident that P,’P,’ 
is longer than P,P,. If the focal-film distance is 
decreased to approximately three times the ob- 
ject-film distance as shown by D,, the resultant 
image is given by the distance P,”P,” which is 
greater than P,’P,’. The magnification of the ob- 
ject has been increased by a reduction of the 
focal-film distance. 

Figure 125 shows the effect of variation in 
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Fic. 124. Diagrammatic representation of magnification. 


object-film distance on magnification, the focal- 
film distance remaining constant at D. When the 
object-film distance is increased from d, to d,, 
the radiographic image increases in size from 
P,’P,’ to P,’”’P,”. 

It can be concluded that magnification is af- 
fected by focal-film distance and/or object-film 
distance, By examination of the diagrams, it can 
be seen that a single function is really the deter- 
mining one, this being the angle of the primary 
beam, P, or P,, subtended by the end points of 
the object being filmed. When this angle is small, 
the magnification is small; when it is large, the 
magnification is correspondingly large. 

It is of interest to derive the mathematical re- 
lations existing between the various factors thus 
far enumerated to permit calculation of object 
magnification. 

Let D be the focal-film distance and d the 





Fic. 125. Effect of object-film distance on magnification 


object-film distance. By the proportion of similar 
triangles, 
P,P, = P,’P,’ 
D-d D 
The ratio of P,’P,’ to P,P, is the magnification 
factor. Solving the equation for the percentage 
magnification, 
Py P= By. BrP 
P iP 2 P iP, 











% mag. = — 1X 100% 


ene 100% 
D=d ‘O- 


Assume, in Figure 124, that D, is 36 inches 
and d is 6 inches. The percentage magnification, 
then, is 

ee 1 X 100% = 20 
36—6 2 - 
For the second case shown, assume D, is 18 


PERCENTAGE OF MAGNIFIED RADIOGRAPHIC DISTORTION AT VARYING 
OBJECT-TO-FILM AND FOCAL-FILM DISTANCES 





Object-Film 2 Ft. 3 Ft. 4 Ft. 5 Ft. 6 Ft. 7 Ft. 8 Ft. 9 Ft. 10 Ft. 
Distance % % Jo % % %o % Yo % 
1 in. 4.34 2.86 2.13 1.69 1.41 1.20 1.05 93 84 
2 in, 9.05 5.88 4.35 3.45 2.85 2.44 2.13 1.89 1.69 
3 in. 14.29 9.05 6.67 5.26 4.35 3.70 3.24 2.85 2.56 
4 in. 20.00 12.50 9.05 7.14 5.88 5.00 4.35 3.85 3.45 
5 in 26.31 16.13 11.64 9.09 7.46 6.32 5.49 4.85 4.35 
6 in. 33.33 20.00 14.29 11.11 9.09 7.69 6.67 5.88 5.26 
7 in. 41.18 24.14 17.07 13.27 10.77 9.11 7.86 6.93 6.19 
8 in. 50.00 28.57 20.00 15.38 12.49 10.53 9.09 8.00 7.14 
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inches and d, as before, is 6 inches. Then the per- 


centage magnification is 


18 
eee ee J, = 
Tag 7 1X 100% = 50%. 

For the variations illustrated in Figure 125, let 
d, be 12 inches; d,, 6 inches; and D, 36 inches. 
The respective magnifications for the object-film 
distances d, and d, are 20 per cent and 50 per 
cent, as in the preceding illustration, Figure 124, 
in which the focal-film distance was changed and 
the object-film distance remained constant. 

Using the simple formula derived above, the 
table on page 91 has been calculated for all focal- 





Fic. 126. Diagram illustrating the effect of motion 
on detail sharpness. 


film and object-film distances normally en- 
countered. 
G. Motion 


In common, the factors discussed are structural 
or mechanical in nature, fixed by the size of tube 
focal spot, the type of intensifying screens, focal- 
film distance, object-film distance, relationship of 
tube, object, and film, and magnification. As 
such, considerable control may be exercised in the 
selection and variation of these elements (object- 





Fic. 127. Radiograph of a chest, time of exposure 1 
second, showing the effect of motion on detail sharpness. 


film distance excepted), within limits established 
by economic necessity and flexibility of avail- 
able equipment, The factor of motion, which is 
neither geometrical nor mechanical, with little 
susceptibility of control, but one which is ex- 
tremely important in its effect on detail sharp- 
ness, must be discussed, 

The diagram, Figure 126, illustrates the effect 
of object motion on detail sharpness. The original 
position is marked by the end points P, and P,, 
these points being projected to the film at P, and 
P,. If the tube, object, and film remain fixed in 
relative positions during the exposure, P, and 
P, will be sharp to an extent determined, as we 
have seen, by the size of the tube focal spot and 
the relative distances from tube to object to film. 
If the object moves, however, to a new position as 
shown by the dotted figures P,’P,’, its projection 
on the film will then take a position within the 
end points P,’ and P,’. The detail structure is 
considerably blurred as a result since the limiting 
edges are not sharp lines, but broad bands shown 
as P, — P,’ and P, — P,’. The diagnostic quality 
of the radiograph is materially affected by motion 
of the object. This same result will follow for 
motion of the tube or the film during the ex- 
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posure. Figure 127 is a radiograph of a chest 
taken with a time of exposure of 1 second to 
show the effect of motion on detail sharpness. 
Note that the lung structure is very poorly de- 
fined, particularly in the region of the heart. 

The problem of motion may be simplified by 
an analysis of the various forms of its occurrence. 
The solution should come from recognition of the 
various types of motion as a means for minimiza- 
tion, if not control, of their effect. 

Involuntary motion of the internal organs may 
be considered as one type. Movement of the 
heart, the displacement caused by motion of the 
diaphragm in respiration, the peristaltic action of 
the stomach and colon, the sudden shift in tremor 
and spasm, are examples of involuntary motion 
which, with the possible exception of respiration, 
are beyond the control of patient or technician. 
In radiography of the chest, the patient may stop 
breathing, but lung displacement caused by heart 
action will affect detail sharpness in adjacent 
areas. In radiography of the stomach, suspended 
respiration is of help, but peristalsis will blur the 
detail, The gall bladder and kidney will be shifted 
by diaphragmatic motion. 

To minimize the effect of involuntary motion, 
the exposure time must be short. The following 
values are an indication of the relative times be- 
yond which motion may be excessive: 


Chest and Heart 
Stomach 

Colon 

Gall Bladder 
Genito-Urinary Tract 


1/10 second or less 
1/2 second or less 
1 second or less 
1 second or less 
2 seconds or less 


Exposure times materially longer than these 
will result, for most patients, in visible motion to 
an undesirable degree in the radiograph. The use 
of short exposure time requires energizing equip- 
ment of high capacity and x-ray tubes with focal 
spots sufficiently large to dissipate high energy in 
short time. A compromise must thus be effected 
betweeen loss of detail due to focal spot size and 
loss of detail due to motion. 

Another type of motion which may be con- 
trolled is the voluntary type. The classification is 
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not a rigid one, but includes the following radio- 
graphic groups: 

Extremities 

Head and Sinuses 

Pelvis and Spine 

Ribs 

In the above, relatively long exposures may be 
utilized with codperative patients, since the in- 
ference in classification is that motion is con- 
trolled by the patient, and proper immobilization. 

In the voluntary motion group, exposure val- 
ues indicated in the following table may be em- 
ployed: 

Extremities 

Head and Sinuses 

Pelvis and Spine 30 seconds or less 

Ribs 5 seconds or less 


X-ray tubes with small focal spots may be 
utilized because the permissible exposure is suffi- 
ciently long. The desirable maximum detail 
sharpness in bone structure is then a possibility. 
It is necessary, despite the word “voluntary,” to 
employ devices for immobilizing the patient. 
Compression bands, sandbags, and immobilizing 
cones should be considered as necessities. 

A classification is necessary with reference to 
the patient who cannot or will not codperate. 
These are: the unconscious, demented, or in- 
toxicated patients, and infants. Essentially the 
problem is one of involuntary motion and the 
time of exposure should be of the same ap- 
proximate duration as that group. 

For parts other than extremities, it is necessary 
to use high energy values and large focal spots to 
keep the exposure time within limits established 
by the possibility of motion. There is a loss of de- 
tail due to this requirement, but the net result is 
an improvement over a radiograph which shows 
considerable motion. The rotating-anode tube 
with its increase in permissible energy rating of 
as much as 600 per cent compared to the station- 
ary anode tube of comparable focal spot size has 
an advantage in all radiographic work where in- 
voluntary motion is present and where noncodp- 
erative patients must be handled. 


5 seconds or less 
5 seconds or less 


93 


CHAPTER VII 


Factors Affecting the Quality 
of the Radiograph (cont.) 


IF. ‘Vistpmiry ‘oF ‘DETAIE:;3) 3. 2 2) 4° dopo fo TeP Go 4 So Be -o kw OS 
A>: Densityand: :‘Goritrast’ se ose eo ee OR a et Se ee ae a OS Gi a tay “DS 
B. ‘Quality /of-Radiation’ ©. 2.04.4. 2 kes cae cin cae a Be eu we we ca ce ae Gy 796 
C. Milliampere-Seconds By ha dete ST ae, WY Tay ae Be cient? wee ade Se tee. So Ae TOO 
D: HighMilliampere Technic 2.5 6 9s. 3. a ge Cue ae te x Se ae oe ae BG 102 
Es Dime sob EXpOSures, «0 ecco ia. ber ase um. wh BE ..S, Oe Bead Me ea 3,606 

ikSate Exposnre Limits: <2... % & .4. 2-4. 36 © Aik? & age 2 Oe 2 Oe TOS: 
a. The Patient . . a A Beary th Ge oie (Set c.g ce’ get SOLOS 

b. X-Ray Protection for the Operator. Ye au Unbince crak = 5. 09 

c. Tube Heat Storage Capacity . . . . . .. . . . . ee + D1 

Fs; Focal-Bilm Distance: o> 0S. Tn 4s 84) ce) Be ab eed ae OW em Week. eh He D2 
Gz Secondary-Radiation).s* Gy tu oes Gd, co dds Be Rl da dn om a th OF er He 5 BS 
i Cones and Diaphragms . . Sek anaes wae co ob & eo oO 
2. Applications of Cones and Diaphnayrss Sty ah miesveerend of & ePin we A “116 

Bh THe eas 5 acy peek a oe ty a at, bh oho an) ae cee ae RY oy SLO 

CL Sinisess a ed wb te Gs ER SAO Bw ree ee Seow WG 

(2) Mastoid) tra se Gir sn ow see UN Geena raed Gal ot Maree to pee TY 

CZ) g5kUIEN os. tn Kt Rob we Ge Blots he oe al SEs HO. OY 

(4) “Teeth de ese ek Re Se Go Re eh ce OB ee Boe Go aw AD 

by Pelvis atid: Spinéss. oa ee es 4s Gen ke od Ba oe Bet ce Ge GUIB 
CUOFRESisiacy kt Mid oo ce Cot ORY BAL kc cad oe od i ee ee a SG, 18: 
(2).'Lumbar: Spine: 5. 3-2. os eR) Se Sew A a A &, TB 

(3)) Dorsal Spine sie. aes ee elie See Ge Be Deh Zend Aa eer oH ey “TTS 

(4) -Geevical’ Spine, hs hk an fe wn te a ee os fae a IS 

c. The Internal Organs . . Poh. ew Berd ts Us wale e& oF flat 218 

(1) Gastro-Intestinal Tract 2h) iy tie Gh a IS oak ome wn Ge ct > IS 

(2) Gall Bladder . . . rety Mey Sel Pit cy oat ids ote Ce AS 

(3) Genito-Urinary Sostens” Bch Se ee OR Ce a 2S eh Se TIS: 

(4). Phe, Witings... Ss <5. 5) es cor ky icy RS “ee Fey Gt em Se Ser SS, STS 

dS Extiemities< 2d2456h. We ab Gotham Go OG Rowe ol A Bb Teo & AIS 

$y The Stationary. Grid's», J6 42 a. ak oh ce Se es aa nen ene ees, do se “DIS 
4. The Potter-Bucky Diaphragm . . BELEN cai g tenth catlsy fog? 128 
a. Application of the Potter-Bucky Disphisgin dso rhy loess AS eee Me) led 925) 

(1); Pelvis:and’Spinese al wk ato) dk Be ee tro ee ie 2S 

(2) Ribs: and ‘Sternim: “2. .6, 24 w. = Yl oe we oe od Se) vey B25 

(3) SKULL okt) nF soli So ee neh 83 Gr eae Ler ae > a cae Cp Sew ted es 

(4) Sinuses aren sree Wi wes g Gracies Soh Yee Gel Aen fe dat Aen i eG Yoel 


CS Mabtoida: y/ 3 ir oS EN. cs Bae A Te dhe ce ES cto Ge 4126 
(6): The: Extremities... € 6 sw Son woe Ewe eH a 126 
C7) CHERE oh shame Ab eS ca Re Cee ade ts Ae ay fib do as Z6 


(8) Internal Organs) 5.06. fom Fo blah Sew bow Ae ae 226 
(oO) Stomach ands Calon. 6 «n. G- & bdo oa & & Gh ce 6.926 
H. Absorption Characteristics of the Body. . . . . . . 1. ee we ee 126 
ie Radiographic: sOpacitye! 2) sy aa) ie AP Ph da Sb Ba etd ten bee A Coe, AB 
J- Bifectof! Tissue“Thickniess: 3.65. so ieee KR wR A AE Be ee 2029 
Ra Body:( Configuration; Fats (a. tie GX ih. dn oy lene ne ded de eorar os el SI 





94 MEDICAL RADIOGRAPHIC TECHNIC 


L. Muscular Condition 
M. Disease and Atrophy . 
N. Tissue Differentiation 
1. Opaque Media. . .. . 
a. Gastro-Intestinal System 
b. Gall Bladder . 
c. Urinary Tract 
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II. Visibility of Detail 
A. Density and Contrast 


N THE previous chapter the terms density and 
contrast were introduced; density, as the 
degree of blackness on the film measured by 

the light absorption through it, and contrast as 
the difference in degree of blackness between ad- 
jacent areas. 

Density may be evaluated photometrically and 
calculated as a function of the ratio of the amount 
of x-ray exposure on the film to the amount of 
light transmitted through it. A numerical figure 
can thus be obtained for any specified area on the 
film as an indication of the degree of blackness of 
that area. Contrast is not measured directly; it is 
computed as the numerical difference between the 
densities of film areas being compared. It is not 
necessary, however, to picture a radiologist seated 
before an illuminator with a photo-electric cell, 
microammeter, and slide rule, frantically calcu- 
lating density and contrast so that he may decide 
if the radiograph is a satisfactory one. He is con- 
cerned with visibility of elemental structures as 
they stand out from regions surrounding them. 
The dye-filled gall bladder is visible, as an ex- 
ample, because of the difference in opacity which 
exists between it and the surrounding tissues. If 
the difference in density between it and the ad- 
jacent area is great, the contrast will be well- 
defined; the limit being established by all the 
factors affecting sharpness of detail. These have 
been discussed. 

If the gall bladder area is the same density as 
the region around it, it will be indistinguishable. 
This the observer will immediately know though 
he may not attribute it to lack of contrast, nor 
may he be aware of the factors responsible. If the 
surrounding tissue is too light on the film, the gall 
bladder, being even more opaque when it is filled 
with dye, will be still lighter and may lack visi- 
bility. Finally, if the radiograph is generally too 
dark, the film density of its shadow may be so 


great that it will be to the eye as “black” as the 
less opaque material around it. The gall bladder 
will not be clearly visible despite the actual dif- 
ference in opacity existing in the part. 

From this example, it is evident that though 
contrast and density are separate concepts, they 
mutually affect the visibility of structure in the 
radiograph. It is actually this visibility which 
establishes the quality of the film, and it is only 
by this criterion that one can set the desirable 
degree of contrast and density. Another example 
will help to clarify this: 

In radiography of the lungs, diagnosis may be 
difficult when the film is “flat” or “generally 
grey” in appearance. The details of structure are 
difficult to detect. To increase the degree of con- 
trast in the radiograph, to make it more “black 
and white,” it may be entirely possible to so vary 
technic with modern equipment that the basal 
portions of the lung become quite dark while the 
peripheral portions are too light. Such a film may 
be unsatisfactory because visibility of structure 
has been lost in some regions, though it may be 
quite true that those areas which are visible on 
the film are satisfactory. Between the film which 
is “too grey” and the film which is “too black and 
white” there is one which can be obtained by 
proper selection of technic to give the maximum 
visibility of structure. It may not be that which 
produces the maximum contrast, but rather that 
which gives satisfactory contrast. The chest 
radiographs A, B, and C illustrate three degrees 
of contrast. 

Admittedly, there is something decidedly un- 
scientific about the use of such a word as “satis- 
factory” in describing a quantity of anything. It 
is true, nevertheless, that because of differences 
in opinion, radiologists do not entirely agree on 
what constitutes a satisfactory degree of density 
or contrast in a radiograph. Most preferences fall 
in a comparatively narrow range, but individual 
choices as expressed, for instance, on a series of 
chest radiographs of the same patient, may vary 
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Illustration A. Radiograph of chest, 80 kilovolts peak, 
showing insufficient contrast. 


over a wide range. These preferences simply in- 
dicate the importance of recognition of such dif- 





Illustration C. Radiograph of chest, 60 kilovolts peak, 
showing satisfactory contrast. 


Illustration B. Radiograph of chest, 50 kilovolts peak, 
showing excessive contrast. 


ferences in any attempt to establish the “best 
technic.” Since most of the radiographic factors 
affecting density in some measure act upon con- 
trast, and vice versa, it will be convenient to dis- 


Per Cent of 
Effective Wavelength Radiation Transmitted 
0.2 Angstroms 85% 
0.4 Angstroms 55% 
0.6 Angstroms 15% 


Fic. 128. Relation of effective wavelength of x-ray beam 
to per cent of radiation transmitted through 2 milli- 
meters of aluminum. 


cuss both jointly, but the distinction between the 
two is a very real one and must be kept in mind. 


B. Quality of Radiation 


Of the various factors affecting density and 
contrast in the radiograph, that most widely used 
as a variable is the x-ray tube voltage. Modern 
x-ray machines are built with this in mind, the 
degree of selection being such that a finely di- 
vided contro] permits uniform increments of 1.0 
to 2.5 kilovolts peak, corresponding to steps of 
the autotransformer. 

The literature in x-ray physics from the time 
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of Réntgen to the present day contains the results are a form of radiation similar to light except for 
of numberless investigations made to determine their shorter wavelength, the relation of wave- 
the effect of tube voltage on the characteristics of length to applied voltage is of greatest impor- 
x-radiation. Keeping in mind the fact that x-rays _ tance. 


= 


a 
a 
1 





Fic. 129. Radiograph of an aluminum penetrometer Fic. 130. Radiograph of an aluminum penetrometer taken 
taken at 40 kilovolts peak. at 80 kilovolts peak, same milliampere-second value as 
Figure 129. 
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Fic. 131. Radiograph of an aluminum penetrometer taken Fic. 132. Radiograph of an aluminum penetrometer 
at 80 kilovolts peak, milliampere-seconds reduced to taken at 40 kilovolts peak. 
compensate for increased density. 


The x-rays generated by the x-ray tube are not _ by the peak kilovoltage applied to the x-ray tube. 
of a single wavelength but have a wide range of The relationship of x-ray absorption to wave- 
wavelengths. The longer ones are easily absorbed _ length is of interest. It has been found that all 
and may not penetrate the walls of the x-ray matter shows an absorption which depends on the 
tube. The shortest wavelengths are determined wavelength of the x-ray beam. Figure 128 is the 
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Fic. 133. Curves showing variation of film density with time of exposure for different 
tube voltages, with Parspeed screens. 


data Duanne gives for 2 millimeters of aluminum. 

It may be concluded that: 

1. Increasing the voltage across the x-ray tube 
decreases the effective wavelength of the 
x-ray beam. 

2. Increasing the tube voltage increases the 
intensity of the x-ray beam. 

3. Increasing the voltage decreases the absorp- 
tion of the beam in interposed matter. 

From the radiographic point of view, these 

properties must be recognized as they affect the 
end result of density and contrast in the photo- 
graphic emulsion. To further complicate matters, 
the photo-chemical sensitivity of the x-ray film 
and the fluorescent intensity of the intensifying 
screens varies with the wavelength of x-radiation. 

An illustration of the overall effect of kilo- 

voltage is shown in Figures 129 and 130, which 
are radiographs of an aluminum penetrometer 
having steps differing in thickness by 3 milli- 
meters. Figure 129 was taken at 40 kilovolts peak 
and Figure 130 at 80 kilovolts peak, the milli- 
ampere-second values in both cases being the 
same. Note that the density of the 80 kilovolts 
peak film is much greater through equal thick- 
nesses of the penetrometer. 

Figures 131 and 132 are comparative films 

taken at 40 and 80 kilovolts peak, as before, but 


with a reduction in milliampere-seconds at the 
higher voltage. It is seen that the fourth step of 
the penetrometer in both films is of approximate- 
ly the same density but that at the lower voltage 
the rate of change of density with changes in 
thickness is much greater. 

Figure 133 is a series of curves showing the 
variation of film density with time of exposure 
for tube voltages from 40 to 100 kilovolts peak, 
all other factors remaining constant. The curves 
apply to the use of Parspeed intensifying screens 
and a filter of 14 millimeters of aluminum. 

Note how the milliampere-seconds vary with 
kilovoltage for a constant film density. For ex- 
ample, for equal densities, 100 milliampere- 
seconds are required at 40 kilovolts peak whereas 
2.6 milliampere-seconds are required at 80 kilo- 
volts peak. Doubling the kilovoltage has reduced 
the required milliampere-seconds by a fector of 
approximately 40. Examine next the change in 
film density produced by a 10 kilovolts peak in- 
crease in tube voltage, keeping the milliampere- 
second value constant. For example, 68 milli- 
ampere-seconds at 40 kilovolts peak gives a 
density of 0.5. This same value of milliampere- 
seconds produces a density of 1.9 at 50 kilovolts 
peak. In a similar manner the data of Figure 134 
have been obtained. 





MEDICAL RADIOGRAPHIC TECHNIC 


99 


It is evident that the effect of tube voltage 
variation is much more pronounced at the lower 
voltages, a change of 10 kilovolts peak increasing 
the density by a factor of four at 40 kilovolts 
peak, two at 70 kilovolts peak, and about one and 
one-half at 90 kilovolts peak. All of this data 
applies to x-ray film with intensifying screens 
and a filter of 14 millimeters of aluminum. 

By interpolation from the curves, it is also 
possible to determine the change in kilovolts peak 
required to compensate for a 50 per cent reduc- 
tion in milliampere-seconds, Figure 135. 

Although the increase in kilovoltage required 
to compensate for halving the milliampere- 
seconds varies with the initial kilovolts peak as 
indicated above, and with the thickness of filtra- 
tion, for the usual technics in medical radiogra- 
phy, it is often sufficiently accurate to use the 
approximate value of 10 kilovolts peak, for kilo- 
volts peak values between 55 and 80. 


C. Milliampere-Seconds 


The output of an x-ray tube is proportional to 
the total number of electrons traversing the inter- 
electrode space and striking the anode. Since it is 
impractical to measure the total flow of elec- 
tricity through the tube, the conventional pro- 
cedure is to measure the rate of flow with a milli- 
ammeter, of such design and so connected in the 
circuit that it registers the average value of cur- 
rent passing through the tube. 

It is advisable at this point to review some of 
the fundamentals of the operation of the x-ray 
generator, presented more completely in Chap- 
ter I. 

The usual diagnostic x-ray unit is energized by 
a high tension transformer delivering a voltage 
changing cyclically in magnitude and direction 
somewhat as shown in Figure 43. In this figure, 


the character of the voltage pulsations applied to 
the rectifier or to the x-ray tube is shown. The 
time duration of each impulse is a function of the 
supply frequency, usually 60 cycles per second, 
so that the time is 1/120 second. 

Figure 44 shows the x-ray tube current result- 
ing from the direct application of this voltage. 
Since the x-ray tube is a uni-directional device, 
the electron flow occurring only when the anode 
potential is positive with respect to the cathode, 
successive half-cycles of current flow are inter- 


Added Kilovolts Peak From 
4 Kilovolts peak 40 
7 Kilovolts peak 50 
10 Kilovolts peak 60 
13 Kilovolts peak 70 
16 Kilovolts peak 80 


Based upon 14 millimeters of aluminum filtration 


Fic. 135. Added kilovolts peak to compensate for 50 
per cent reduction in milliampere-seconds at various 
kilovolts peak values. 


rupted or “self-rectified.”” The shape of the cur- 
rent wave will differ from that of the transformer 
voltage because of x-ray tube characteristics but 
will always exhibit a periodic series of pulsations 
with alternate half-cycles absent. Figure 136 is a 
radiograph made of a spinning top, using a self- 
rectified x-ray generator. Operating on 60-cycle 
alternating current, the time duration is 1/10 
second and six dots are evident. 

If a mechanical or four-valve rectifier is em- 
ployed between the high voltage transformer and 
x-ray tube, the current picture will change to that 
shown in Figure 52, wherein the previously 
“rectified-out” portion is brought in. Figure 137 is 
a spinning-top film made in 1/10 second on a 60- 
cycle, full-wave rectified equipment. Twelve dots 
appear. Note the difference in spacing between 
the dots for the two circuits. 

From these diagrams it is evident that the 
energy to the x-ray tube is delivered in the form 
of regularly recurring impulses, each of a time- 
duration fixed by the frequency of the alternat- 
ing-current supply. The milliammeter, however, 
due to the inertia of the moving element, cannot 
follow these rapid pulsations and it assumes an 
average deflection corresponding to the relative 
positions of the dotted lines in Figures 44 and 52. 
The relationship which this average value bears 





Initial Density after 
Kilovolts Milliampere- Initial Adding 10 
Peak Seconds Density Kilovolts Peak 
40 68 0.5 1.9 
50 15 0.5 1.4 
60 6 0.5 1.16 
70 3 0.5 0.9 
80 1.8 0.5 0.85 
90 1.2 0.5 0.80 
Fic. 134. Effect of adding 10 kilovolts peak in changing 
film density. 
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Fic. 136. Radiograph of a spinning-top for a 1/10-second 
exposure on a self-rectified x-ray generator. 


to the maximum or peak tube current is de- 
pendent upon the shape of the current wave and 
can be determined graphically by integrating the 
area for a complete cycle and computing the or- 
dinate for an equivalent rectangular area with a 
base equal to the time of a full cycle, or Iny. 

In order to fully appreciate the function of the 
milliammeter and its limitations, it is important 
to recognize this condition. Fundamentally, the 
x-ray output from a tube is a summation of in- 
stantaneous values of current and voltage over 
each half cycle. The average value of current as 
indicated by the milliammeter does not com- 
pletely define the nature of the x-ray beam even 
when accompanied by a statement of the peak 
kilovoltage. Both are merely practical expedients 
and the more complete expressions must convey 
some information as to the shape of the voltage 
and current waves. 

If the relationship of the average milliampere 
value to the summation of instantaneous values 
remains constant over the total range of the x-ray 
generator, it is possible to use the milliammeter 
as an indicator of x-ray output and to definitely 
state that the two are directly proportional. It is 
only within the past few years that equipment of 
such design has been available. Due to deficiencies 
in earlier designs made apparent by improve- 
ments in the present type, increasing the tube 
current through the rated range of the trans- 





Fic. 137. Radiograph of a spinning-top for a 1/10-second 
exposure on a full-wave rectified generator. 


former resulted in marked wave-form changes in 
current and voltage, particularly at the higher 
loadings. As a result, the x-ray output on some 
types of apparatus is not proportional to average 
tube current, the deviations from linear propor- 
tionality becoming increasingly pronounced at 
the higher milliampere values. 

For some time it was believed that this devia- 
tion was due in some unaccountable manner to 
the characteristics of films and screens and their 
behavior at high milliamperage, short-time tech- 
nics, As an example, on a 200-milliampere ma- 
chine, a chest exposure of satisfactory density 
might be made with the following technical fac- 
tors: 

72”—100 milliamperes—1/10 second—(10 

mas)—62 kilovolts peak. 

If a similar radiograph were to be taken at 200 
milliamperes and 1/20 second (10 mas), it might 
reasonably be expected that the same kilovolts 
peak value would result in a film of the same 
density and contrast. 

Actually, the 200-milliampere film may be 
lighter, requiring an addition of 6 to 10 kilovolts 
peak to maintain the original density. With the 
higher kilovolts peak, the contrast is materially 
reduced and the 200-milliampere film is less 
satisfactory because of decreased visibility of 
detail. 

Such performance was characteristic of older 
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transformer design and has nothing whatsoever 
to do with film or screen performance. As the 
current through the transformer was increased, 
the x-ray output per milliampere decreased be- 
cause of changes in wave shape with increased 
loading. 

It is no longer necessary to accept such per- 
formance. A truly modern transformer incor- 
porating basic improvements in its design will 
make possible uniformity of output over the 
entire range. With a 200-milliampere generator, 
similar outputs, as indicated by density and 
contrast in the radiograph, should be obtained 
with the following technic: 


20 ma 1/2 second 
40 ma 1/4 second 
100 ma 1/10 second 
200 ma 1/20 second 


The same kilovolts peak is to be used in all cases. 
The proportionality of x-ray output with tube 
current may be said to be linear, with a properly 
designed and correctly calibrated generator. 
The variations of film density with milli- 
ampere-seconds is a less simple relationship, de- 
pending on the density value being considered, 
the characteristics of the film, the response of 
intensifying screens, and the time, temperature, 
and constitution of the developer. Figures 133 
and 138 illustrate the variation in density with 


changes in x-ray exposure, as previously de- 
scribed. Figure 139 illustrates the change in 
density produced by doubling the milliampere- 
second value, starting with different densities. 


Initial Density Final Density 
0.3 0.75 
0.6 1.34 
0.9 1.70 
1.2 1.96 


Fic. 139. Change in density produced by doubling the 
milliampere-second values, starting with different den- 
sities. 

Doubling the exposure time doubles the film 
density in this particular case when the initial 
density is about 0.7. Since 0.7 is near the medium 
density, it can be said that in this range changes 
in film density are approximately in the same 
proportion as the changes in time of exposure or 
milliamperes. 

It can be concluded that film density is vari- 
able with tube current and that the changes are 
approximately proportional. 


D. High Milliampere Technic 
High milliampere technics permit reduction in 
length of exposure time and minimize motion to 
the greatest possible extent in the interest of 
maximum sharpness of detail and in addition 
maintain satisfactory contrast. 
A radiograph of the stomach made in % sec- 
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Fic. 138. Variation of film density with changes in milliampere-second values. 
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ond should be visibly sharper than if 1 second 
were used because of involuntary motion of the 
part. For comparable density and contrast in the 
two films, it will be necessary to use 300 milli- 
amperes for 14 second, while 75 milliamperes 
would be correct for the 1 second technic. With 
the same distance, the same tube voltage (kilo- 
volts peak), identical cassette, films, and process- 
ing procedure, the first radiograph will convey to 
the observer a sharper outline of the barium- 
filled stomach, its motion arrested in a 14 second 
exposure which has been made possible by the 
increased tube current. 

The rating of the x-ray tube and transformer 
must be carefully examined to determine if the 
desired technic is within the limits of each. The 
transformer limitation is readily determined by 
reference to the machine calibration chart which, 
if correctly prepared, will indicate no voltage nor 
milliampere values in excess of its safe capacity. 
The x-ray tube, however, is much more suscepti- 
ble to overloading and irreparable damage be- 
cause of the nature of its use. For short-time ex- 
posures which accompany high-milliampere tech- 
nics, the limitation is established by the focal 
spot temperature, this being a function of the 
electrical factors of voltage and current, the dura- 
tion of application, and the size of the focal spot. 
Reference to the tube rating chart for this in- 
formation is mandatory. 

With the preceding example of a G-I tech- 
nic of 75 milliampere-seconds, on a full-wave 
rectified circuit, a tube with an effective focal 
spot of 3.8 millimeters would safely stand 75 
milliamperes for 1 second, but such a tube would 
be hopelessly damaged if 300 milliamperes for 
¥4 second were used at 60 to 70 kilovolts peak. 

Even if a tube with an effective focal spot of 
5.2 millimeters is selected, the technic is danger- 
ous, since such a tube could not safely be used 
over 60 kilovolts peak at 300 milliamperes and 
Y% second. The most practical solution is the ro- 
tating-anode tube which, with its 2 millimeter 
focal spot, safely permits the utilization of these 
values. 

For each region of the body there is a milli- 
ampere-second value which will produce the 
most satisfactory radiograph. This specification 
is not sharply defined to narrow limits, but is 
based on the x-ray opacity of the body region, 
the distance from tube to film, the radiographic 


speed of the generator, and the characteristics of 
screens, film, and processing technic. Much of 
the mystery, and seemingly chaotic state of the 
usual technic chart, disappears when the analysis 
is made from this viewpoint. First, what milli- 
ampere-second value must be used to establish 
the tube voltage which, at a specified distance, 
will produce the desired degree of density and 
contrast? Second, with this milliampere-second 
value determined, what specific figures for time 
and milliamperes are to be utilized? 

The first problem is one of the thickness 
of the intervening body structure and its radio- 
graphic opacity. The second problem is purely 
one of the rating of the x-ray tube and the ener- 
gizing apparatus in which the limitations of 
either will establish the length of exposure time, 
this in turn affecting detail sharpness of the 
radiograph to an extent determined by the degree 
of motion of the part. 

As an example of this approach, we may de- 
termine the technic to be used for radiography 
of the chest in the postero-anterior position. 

The focal-film distance will be established at 
72 inches, a commonly used figure because of the 
low degree of magnification resulting (less than 
7 per cent). From the examination of large num- 
bers of chest films for density and contrast, it has 
been found that with modern generating appara- 
tus of high radiographic output, 10 to 25 mil- 
liampere-seconds and voltage values from 50 to 
80 kilovolts peak will cover a range for adults 
with satisfactory contrast in the heaviest pa- 
tients and not excessive contrast in the smallest. 
The density will remain constant as the voltage 
is varied to accommodate the opacity of each 
subject. Thus the first problem is solved and it 
remains to determine the specific values of time 
and tube current for the production of 10 to 25 
milliampere-seconds. 

For this information, refer to the tube rating 
chart and generator specifications supplied by 
the manufacturer. For illustration, the equipment 
is a 100-milliampere self-rectified machine. The 
tube used in conjunction is a shockproof double- 
focus tube with a small focal spot 2 millimeters 
and a large focal spot 4.5 millimeters. 

Reference to the tube rating chart supplies 
the safe exposure values of which the following, 
Figure 140, are a random choice, at the maximum 
voltage rating of the tube using a self-rectified 
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Large Focal Spot 
85 kilovolts peak 100 milliamperes 2/10 second 
85 kilovolts peak 75 milliamperes 114 seconds 
85 kilovolts peak 50 milliamperes 8 seconds 


Small Focal Spot 


85 kilovolts peak 30 milliamperes 4/10 second 
85 kilovolts peak 25 milliamperes 6 seconds 


Fic. 140. Current and time ratings for a double-focus 
tube on a self-rectified circuit, 85 kilovolts peak (2-4.5 
millimeters). 


unit. The maximum voltage value should be used 
as the basis for selection because the safety factor, 
in utilizing a technic which is conservative, 
should be highest for the exceptional case. * 
From examination of these ratings it is seen 
that 10 milliampere-seconds can be obtained 
at 100 milliamperes and 149 second with the 
large focal spot, or 30 milliamperes and 349 sec- 
ond with the small. The density and contrast 
using either technic will be approximately the 
same but, from the standpoint of detail sharp- 
ness, it is necessary to decide whether 49 sec- 
ond with a 4.5 millimeter focal spot or % 
second with a 2 millimeter focal spot will pro- 
duce a superior film. Again, only test and ex- 
amination can supply the answer. General agree- 
ment holds that the 149 second technic is better, 
the loss of detail due to focal spot size being 
less than the loss of detail due to motion. 
The postero-anterior chest technic is then 
established: 
Distance—72 inches 
Current—100 milliamperes 
Time—\49 second 
Voltage—S0 to 80 kilovolts peak 
In a similar manner, the time and tube current 
may be determined if a 2-4.5 double-focus tube 
is operated from a full-wave rectified circuit of 
200 milliamperes capacity. The technic would 
be: 
Distance—72 inches 
Current—200 milliamperes 
Time—49 second 
Voltage—50 to 80 kilovolts peak 
For other regions of the body, the same analy- 
sis is equally useful. 
This analysis of x-ray technic is based on a 
study of energy factors required to produce a de- 
sired radiographic result within the capacity of 


the available x-ray equipment. The following 
conclusions can be stated: 

For each region of the body there is a milli- 

ampere-second value which will produce the 

most satisfactory radiograph. 

This value being based on: 

. X-ray opacity of the region. 

. Distance from tube to film. 

. Radiographic speed of generator. 

. Characteristics of screens and films. 

. Processing technic. 

Individual preference of the diagnosti- 
cian. 

With the milliampere-second value determined, 
the specific values of time and tube current (mil- 
liamperage) will depend on: 

a. Rating of x-ray tube. 

b. Rating of x-ray generator. 

c. Type and extent of motion of regions 
to be radiographed. 

From this analysis it is evident that there 
are two elements which are basic for any radio- 
graphic procedure: the first of these is an empiri- 
cal one dependent upon the thickness of the 
part and its opacity to x-ray. The second is a 
technical one dependent upon the capacity and 
rating of the x-ray equipment. The futility 
of the much-discussed question, “Is x-ray technic 
an art or a science?” becomes apparent with 
recognition of its dualistic nature; a non-science 
to the extent that the patient-variable exists, 
and a science as far as tube rating charts, cali- 
bration charts, and absorption curves will take 
us. 


mo nar p 


Milliampere- 
Region Distance Seconds 
Chest 72 inches 10- 25 
Extremities (screen) 40 inches 5- 15 
Stomach 30 inches 50-150 
Gall Bladder 30 inches 50-200 
Colon 40 inches 100-200 
Kidney 40 inches 100-200 
Ureters 40 inches 100-200 
Urinary Bladder 40 inches 100-200 
Spine, antero-posterior 40 inches 100-200 
Lumbar Spine, lateral 30 inches 200-900 
Pelvis 40 inches 100-200 
Skull 30 inches 100-200 
Sinuses 30 inches 100-200 


Fic. 141. Suggested milliampere-second values for vari- 
ous regions of the body. 
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MAXIMUM EXPOSURE TIME IN SECONDS 
Fic. 142. Tube rating chart for 2-millimeter focal spot on a full-wave rectified generator. 


Satisfactory values of milliampere-seconds 
must first be selected for representative areas of 
the body. These values are so chosen that their 
use establishes a tube voltage, which, at a speci- 
fied distance, will produce the average degree of 
density and contrast. Typical values are given 
in the table, Figure 141. 

With this information as a starting point, the 
next step is to select the time and tube current 
values which may be utilized. Rating data for 
the x-ray tube and energizing apparatus will pro- 
vide the basic material. 
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Assuming that the equipment to be used is a 
200-milliampere full-wave rectified machine with 
a maximum voltage rating of 100 kilovolts peak 
and that the tube is a 2-4.5 unit with a small 
focal spot of 2 millimeters and a large focal spot 
of 4.5 millimeters, we may refer to Figures 142 
and 143, which are rating charts for this com- 
bination. From these charts will be found the 
shortest time which will give the desired mil- 
liampere-second value at the maximum voltage 
rating of the tube (100 kilovolts peak) using 
both the small and large focal spots. Whether 
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Fic. 143. Tube rating chart for a 4.5 millimeter focal spot on a full-wave rectified generator. 
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one or the other will ultimately be used will 
depend upon the kind and degree of motion 
present in the part which is to be radiographed, 
the choice of small focal spot and longer time, 
or large focal spot and shorter time being that 
which will result in the greatest detail sharpness. 
100 kilovolts peak is used as the tube voltage in 
establishing these figures since it establishes a 
limit beyond which the selected technic will 
never be carried with the result that the tube 
limit will never be exceeded. Referring to Figure 
142 and selecting 10 milliampere-seconds, it is 
found that 50 milliamperes and approximately 
240 second is the shortest time within the limits 
of the tube. 

Referring to Figure 143 for the same approxi- 
mate kilovolts peak value on the large focal spot, 
the following is found: 45 milliampere-seconds, 
150 milliamperes, 349 second. 

The same kilovolts peak value for small and 
large focal spots will produce radiographs of the 
same density and contrast for a given part and 
a given milliampere-second value. The choice of 
one or the other is made with consideration of 
detail sharpness as affected by focal spot size on 
the one hand and motion of the part on the other. 
It is generally recognized that for those regions 
subject to involuntary motion such as the lungs, 
the heart, the G-I tract, and the G-U system, 
the shorter exposure times with the larger focal 
spot may give the sharpest definition in the 
radiograph. For those regions in which motion is 
voluntary and can be controlled, a longer ex- 
posure may be used with the small focal spot, 
as in the spine, the skull, the sinuses, etc. 

From a practical viewpoint, the use of odd 
milliampere values, such as 35 milliamperes or 
140 milliamperes, is inconvenient. The com- 
bination as obtained from rating charts is often 
modified in the interest of simplicity and ease 
of manipulation of the x-ray control equipment. 
Making these modifications and using the large 
or small focal spot where each is best fitted, the 
milliampere and time values in Figure 144 are 
listed as examples. 


E. Time of Exposure 


X-ray output from a generator bears a linear, 
directly proportional relationship to the dura- 
tion of the x-ray exposure, Changes in time of 
exposure produce corresponding proportional 
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Milli- 
Focal ampere- Milli- 


Region Area Seconds amperes Time 
Chest Large 10 200 1/20 second 
Extremities 

(screen) Large 5 100 1/20 second 
Stomach Large 100 200 1/2 second 
Gall Bladder Large 50 100 1/2 second 
Colon Large 100 100 1 second 
Kidney Large 200 100 2 seconds 
Ureters Large 200 100 2 seconds 
Urinary : 

Bladder Large 200 100 2 seconds 
Spine, antero- 

posterior Small 200 20 10 seconds 
Pelvis Small 200 20 10 seconds 
Skull Small 100 20 5 seconds 
Sinuses Small 100 20 5 seconds 
Lumbar Spine, 

lateral Small 300 20 15 seconds 


Fic. 144. Example chart based on safe tube ratings for 
various regions of the body. 


changes in quantity of radiation generated in 
the tube. That this should be so follows from 
an analysis of the mechanism of x-ray produc- 
tion. 

X-rays are generated by the impact of very 
rapidly moving electrons on a relatively massive 
target. In the rearrangement of the atomic struc- 
ture which is continually taking place during 
bombardment, an energy conversion occurs which 
is accompanied by the emission of x-rays from 
the area of electron impact. The conversion 
proceeds as long as electrons are accelerated 
across the interelectrode space within the x-ray 
tube. Their availability depends on the tempera- 
ture and surface area of the filament; their ve- 
locity on the potential applied to the anode. 
The process, then, is continuous and constant 
if these factors are unchanged and the total quan- 
tity of radiation will be a direct function of its 
duration. 

The effect of exposure time on film density has 
already been considered. The effect of exposure 
time on contrast is less direct than its effect on 
density. Defining contrast as the degree of dif- 
ference in density between adjacent areas on 
the film, it is not difficult to recognize that 
gross over-exposure or under-exposure will affect 
this difference. If the radiograph is too dense 
overall, the difference in density between the 
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Fic. 145. Radiograph of a skull, lateral view, taken at 25 
milliampere-seconds, 60 kilovolts peak. 


less opaque and the more opaque areas will be 
diminished because the greatest density can be 
no more than visual black, while the least density 
becomes a deeper gray, approaching black as 
exposure time is increased. If the radiograph 
is excessively light, again contrast is affected be- 
cause the radiographic shadow of the most 
opaque areas can be no lighter than the film 
base, while the density in the less opaque areas 
will be insufficiently dark. The total range is thus 
cut down to narrow limits, a condition indicative 
of inadequate contrast. Figure 145 is a radio- 
graph of a skull, lateral, made with 25 milliam- 





Fic. 146. Radiograph of a skull, lateral view, taken at 
50 milliampere-seconds, 60 kilovolts peak. 


pere-seconds, 60 kilovolts peak; Figure 146 is 
made at 50 milliampere-seconds; and Figure 
147 is made at 100 milliampere-seconds, show- 
ing the differences in density obtained by suc- 
cessively doubling the time values. 

There is a subsidiary effect of time of exposure 
on contrast which is of great importance tech- 
nically. Since increasing exposure increases 
density, it is possible to compensate by a suit- 
able reduction in tube voltage. Such reduction 
increases the effective wavelength of the x-ray 
beam and with it, the absorption differentiation 
in the region being radiographed. With modern 
high-powered x-ray apparatus, it is possible to 
increase contrast in this manner for many parts 
of the body to the point where visibility of struc- 





Fic. 147. Radiograph of a skull, lateral view, taken at 
100 milliampere-seconds, 60 kilovolts peak. 


ture may even be lost due to excessive contrast 
and still remain within the limits of exposure 
time established by the problem of motion. 
Technics should not be used to produce 
maximum contrast, but rather technics 
which will give satisfactory contrast for 
maximum visibility of structure. 

Time of exposure cannot be used as a variable 
without full awareness of the limitations estab- 
lished by the type and degree of motion 
present in the particular area being radiographed. 
Consideration has already been given the factor 
of exposure time as it affects detail sharpness 
and its relationship to radiographic technic gen- 
erally. 

Another very important consideration which 
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must be constantly kept in mind is the energy 
limitation of the x-ray tube as exposure time is 
increased. The total energy input is a linear func- 
tion of time. If the time is doubled, the energy 
input is doubled to increase film density 100 
per cent. If time is used as the only variable 
factor, it is entirely possible that severe and 
destructive overloading of the x-ray tube may 
result. Recognizing that many technics are based 
on a tube load of 50 per cent to 80 per cent 
of its rating, doubling the time will result in an 
input of 100 per cent to 160 per cent of the 
maximum rating. It is safe to use a 4.5 milli- 
meter focal spot on a full-wave circuit at 150 
milliamperes and 90 kilovolts peak for % sec- 
ond, but doubling the time to 1 second will re- 
sult in a 25 per cent overload. There is an ever- 
present invitation to overloading when exposure 
time alone is increased to compensate for the 
additional thickness of heavier patients. This can 
be prevented by establishing an upper limit for 
the heaviest patient within the limit of a tube. 

It is preferable to use tube voltage as a vari- 
able in controlling density, because relatively 
small changes produce wide changes in radio- 
graphic density. The total energy input is af- 
fected relatively little, making it possible to 
maintain a reasonable safety factor for the x-ray 
tube and for radiation to the patient. 


1. Safe Exposure Limits 


In considering time of exposure as a selective 
variable in radiographic technic, it is not enough 
to inquire into the effect on density, contrast, 
and detail sharpness. There are important limita- 
tions imposed by the safe skin tolerance of the 
patient and others equally serious by the ther- 
mal rating of the x-ray tube. 


a. Patient 


The x-ray spectrum from a tungsten target, 
excited by electrons under the influence of a 
pulsating electrostatic field, is a heterogene- 
ous combination of assorted wavelengths, the 
minimum fixed by the peak electrical potential 
(kilovolts peak), and the maximum by the ab- 
sorption characteristics of whatever material in- 
tervenes between the inside of a tube and the pa- 
tient’s skin. The longer wavelengths in the com- 
posite beam possess a low degree of penetrability 
and are absorbed in or near the proximate skin 


surface, producing no useful effect on the film. 
Because of attenuation in the tissue, however, a 
biological reaction may be induced, accompanied 
by erythema. 

In x-ray therapy, these limits have been 
established for all the commonly used types of 
radiation on the basis of the effective wavelengths 
of the beam, and its intensity measured in roent- 
gen units. Radiographic technics are under- 
stood in terms of tube current (milliamperes) , ac- 
celerating potential (kilovolts peak), focal-film 
distance, and time of exposure. It is necessary, 
then, to formulate safe exposure limits in terms 
of these factors measured at diagnostic voltages. 

The most convenient set of variables is tube 
current and time; better yet, their product, mil- 
liampere-seconds. With such a unit, the wide 
variation in technics for the various parts of the 
body can be reduced and easily computed in 
terms of two factors which are always known. 
There are, however, two difficulties which are 
introduced at once. First, the accelerating poten- 
tial (kilovolts peak) is also a variable in radio- 
graphic procedures and x-ray output is markedly 
affected by its variation. Second, safe exposure 
limits vary with the wavelength of radiation, 
which in turn is the function of tube voltage. 
The distance from the x-ray source to the skin 
is another factor of importance. The tube may 
be as close as 8 inches from the skin when radio- 
graphing the mastoids, or as far as 64 inches in 
chest work. The inverse-square law is a satisfac- 
tory expression of a variation in intensity with 
distance and can safely be used, the only caution 
being that the focal-skin distance and not the 
focal-film distance is the basis for measurement. 

The effect of filtration must also be considered. 
Since the radiation at the long wavelength end 
of the spectrum is that which is particularly 
damaging at the skin surface, its removal from 
the composite beam by filtration through a 
metallic absorber such as aluminum will natu- 
rally increase the permissible milliampere-second 
quantity. As the filter thickness is increased 
from %4 millimeter to '%4 millimeter, and from 
Y4 millimeter to 1 millimeter of aluminum, more 
and more of the longer wavelengths are sub- 
tracted, increasing the safe exposure limits. The 
shockproof x-ray tube casings which are com- 
monly used today are of necessity so constructed 
that the x-ray beam must pass through oil and 
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Filter ( Millimeters 


Filter (Millimeters 


Filter ( Millimeters 


Aluminum ) Aluminum ) Aluminum ) 

Target-Skin External—None External—0.5 External—1.0 
Distance Inherent—0.5 Inherent—0.5 Inherent—0.5 
Inches Total —0.5 Total —1.0 Total —1.5 


10 265 milliampere-seconds 
12 380 milliampere-seconds 
14 520 milliampere-seconds 
16 680 milliampere-seconds 
18 870 milliampere-seconds 
20 1060 milliampere-seconds 
22 1280 milliampere-seconds 
24 1530 milliampere-seconds 
30 2400 milliampere-seconds 
36 3460 milliampere-seconds 
42 4700 milliampere-seconds 
48 6150 milliampere-seconds 


510 milliampere-seconds 

730 milliampere-seconds 
1000 milliampere-seconds 
1300 milliampere-seconds 
1650 milliampere-seconds 
2050 milliampere-seconds 
2450 milliampere-seconds 
2900 milliampere-seconds 
4500 milliampere-seconds 
6500 milliampere-seconds 
8850 milliampere-seconds 
11600 milliampere-seconds 


810 milliampere-seconds 
1090 milliampere-seconds 
1500 milliampere-seconds 
1950 milliampere-seconds 
2500 milliampere-seconds 
3000 milliampere-seconds 
3640 milliampere-seconds 
4360 milliampere-seconds 
6800 milliampere-seconds 
9800 milliampere-seconds 

13300 milliampere-seconds 
17400 milliampere-seconds 


Fic. 148. Maximum permissible exposure values for all parts of the body excepting the head, 85 kilovolts peak. 


bakelite or similar materials. The absorption 
characteristics of these materials, though not the 
same as aluminum, produce much the same effect. 
The equivalent filtration of such casings is usu- 
ally expressed in terms of aluminum, and this 
information can be obtained from the manufac- 
turer. The range of variation in filtration for 
different types of tube units is from the equiva- 
lent of 0.25 millimeter of aluminum to the 
equivalent of 0.75 millimeter of aluminum; the 
average inherent filtration being 0.5. 

In the tables, Figures 148 and 149, are given 
a compilation of safe exposure values. These 
tables apply to both radiography and fluoros- 
copy and are based on 85 kilovolts peak. When 


Filter (Millimeters 


Filter (Millimeters 


using higher kilovoltage, a reduced value must 
be used. 

For adjustment of these tables, when using 
a kilovoltage different from 85 kilovolts peak, 
the percentage changes in Figure 150 may be 
used. 

The first table applies to all parts of the 
body excepting the head; the second to the head 
only, and is a reduction of approximately 25 
per cent of the values of the first. 


b, X-Ray Protection for the Operator 


The following is quoted from International 
Recommendations for X-Ray and Radium Pro- 
tection, revised by the International X-Ray and 


Filter (Millimeters 


Aluminum ) Aluminum ) Aluminum ) 
Target-Skin External—None External—0.5 External—1.0 
Distance Inherent—0.5 Inherent—0.5 Inherent—0.5 
Inches Total —0.5 Total —1.0 Total —1.5 
10 200 milliampere-seconds 380 milliampere-seconds 610 milliampere-seconds 
12 290 milliampere-seconds 550 milliampere-seconds 875 milliampere-seconds 
14 390 milliampere-seconds 750 milliampere-seconds 1190 milliampere-seconds 
16 510 milliampere-seconds 970 milliampere-seconds 1560 milliampere-seconds 
18 650 milliampere-seconds 1240 milliampere-seconds 1980 milliampere-seconds 
20 800 milliampere-seconds 1530 milliampere-seconds 2450 milliampere-seconds 
22 960 milliampere-seconds 1840 milliampere-seconds 2970 milliampere-seconds 


24 1150 milliampere-seconds 
30 1790 milliampere-seconds 
36 2585 milliampere-seconds 
42 3600 milliampere-seconds 
48 4600 milliampere-seconds 


2150 milliampere-seconds 
3360 milliampere-seconds 
4840 milliampere-seconds 
6560 milliampere-seconds 
8500 milliampere-seconds 


3540 milliampere-seconds 
5540 milliampere-seconds 
7950 milliampere-seconds 
10850 milliampere-seconds 
14100 milliampere-seconds 


Fic. 149, Maximum permissible exposure values for the head, 85 kilovolts peak. 
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Change in Maximum Permissible 


Kilovolts Exposure Values 
100 Reduce by 25% 
90 Reduce by 8% 
85 No change 
80 Increase by 10% 
70 Increase by 35% 
60 Increase by 80% 


Fic. 150. Variation in maximum permissible exposure 
values with kilovoltage employed. 


Radium Protection Commission at the Fifth In 
ternational Congress of Radiology, Chicago. 
September, 1937. (Note: These recommenda. 
tions were completely published in RADIOLOGY, 
Vol. 30, No. 4, p. 511, April, 1938.) 


“I, International Recommendations 


“1, The dangers of over-exposure to x-rays 
and radium can be avoided by the pro- 
vision of adequate protection and suit- 
able working conditions. It is the duty 
of those in charge of x-ray and radium 
departments to ensure such conditions 
for their personnel. The known effects to 
be guarded against are: 

a. Injuries to the superficial tissues. 

b. Changes in the blood and derange- 
ments of internal organs, particu- 
larly the generative organs. 

“The evidence at present available appears to 
suggest that under satisfactory working condi- 
tions, a person in normal health can tolerate ex- 
posure to x-rays or radium gamma rays to an 
extent of about 0.2 international roentgens (r) 
per day, or 1 r per week. On the basis of con- 
tinuous irradiation during a working day of 
seven hours, this figure corresponds to a toler- 
ance dosage of 10° r per second. The protec. 
tive values given in these recommendations are 
generally in harmony with this figure under 
average conditions. 


“TIT. X-Ray Protective Recommendations 


“10. An x-ray operator should on no ac 
count expose himself to a direct beam 
of x-rays. 

“11. An operator should place himself as 
remote as practicable from the x-ray 
tube. It should be borne in mind that 
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valve tubes are capable of producing 
x-rays. 

“12. The x-ray tube should be self-pro- 
tected, or otherwise surrounded as 
completely as possible, with protec- 
tive material of adequate lead equiva- 
lent.* 

“13. The following lead equivalents are 
recommended under average condi- 
tions: 

Minimum 
X-rays gener- equivalent 
ated by peak thickness 


voltages of lead 
Not exceeding 75 kv 1mm 
100 1.5 
125 2 
150 2.5 
175 3 
200 4 
250 6 
300 9 
350 12 
400 15 
(600) (35) 


* The lead equivalent of a given thickness of protective 
material is that thickness of lead which is equally opaque 
to x-rays excited at some specified peak voltage.” 


The objective sought by the position, type, 
and amount of protective material which should 
be used for a given installation is to limit the 
amount of radiation reaching a given location 
to not more than that quantity which “corre- 
sponds to a tolerance dosage of 10-° r per sec- 
ond.” 

For such reasons as distance from the primary 
emitting source, material used in the building 
structure, location of others with respect to the 
primary beam, equipment construction and in- 
herent filtration, the thickness of protective ma- 
terial required to provide adequate protection to 
all may for some locations be less than shown 
in the above table. 

The essential requirement is not the thick- 
ness nor the type of protective material used, 
but rather that it shall be used in such quantities 
and locations as to prevent any individual from 
being subjected to a dosage rate in excess of 
10° r per second. 
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c. Tube Heat Storage Capacity 


Mention has been made of the energy limita- 
tion of the x-ray tube as an important considera- 
tion in the use of time of exposure as a variable 
factor in radiographic technic. It was pointed 
out that the total energy input and output are 
linear functions with time and that any increase 
in the quantity of x-ray delivered by the tube 
must be produced by a proportional increase in 
energy input, if duration of exposure is the sole 
variable. Tube voltage is recommended in con- 
trolling density because relatively small changes 
produce considerable effect on radiographic 
density, 

With what has already been written about tube 
ratings and focal areas, it should be evident that 
changes in exposure time are to be made with 
caution and only after reference to the tube 
rating chart. If the energy limitation of the 
focal area for a single exposure is exceeded, melt- 
ing of the target may result. 

There is another limitation which is equally 
important from the standpoint of tube life and 
is of interest in the investigation of time of ex- 
posure as a factor in the production of the radio- 
graph. This is the thermal rating of the tube, 
based on heat capacity and rate of heat dissipa- 
tion. This rating determines the frequency with 
which exposures may be made and the time inter- 
vals which must be allowed between exposures 
for the dissipation of heat from the anode of the 
tube. A not uncommon cause of tube failure is 
excessive heat input beyond the capacity of the 
anode to absorb and dissipate such energy. It is 
quite possible to make a series of exposures, 
each within the limits of the tube rating chart, 
but so great in number that the temperature of 
the anode, apart from the focal area, may be 
raised to a point sufficiently high to melt some 
portion of it. 

Since it is not convenient to measure the anode 
temperature directly, the heat rating of the tube 
must be based on the energy input. With this 
information on the rate of heat loss, the limits 
of operation in terms of tube current (milli- 
amperes), tube voltage (kilovolts peak), and 
time for each exposure, the number of exposures, 
and the time interval between successive series 
of exposures may be established. 

An arbitrary heat unit of kilovolts peak times 


milliampere-seconds is used, and forms the basis 
for the calculation of thermal ratings. For ex- 
ample, a radiograph of the antero-posterior view 
of the pelvis may be made using 

60 kilovolts peak, 20 milliamperes, 5 seconds 
(100 milliampere-seconds) 


The heat input would then be 
60 X 20 X 5 = 6,000 heat units 


If a series of radiographs were to be made of 
the antero-posterior pelvis (stereo), antero-pos- 
terior lumbar spine, antero-posterior dorsal spine, 
lateral lumbar spine, and lateral dorsal spine, the 
total heat input would be calculated as follows: 


Antero-posterior pelvis (stereo) 


2 X 60 kilovolts peak X 20 milliamperes 
X 5 seconds = 12,000 heat units 


Antero-posterior lumbar spine 


64 kilovolts peak X 20 milliamperes < 5 
seconds = 6,400 heat units 


Antero-posterior dorsal spine 


68 kilovolts peak X 20 milliamperes <X 5 
seconds = 6,800 heat units 


Lateral lumbar spine 


70 kilovolts peak X 20 milliamperes < 10 
seconds = 14,000 heat units 


Lateral dorsal spine 


68 kilovolts peak X 20 milliamperes X 5 
seconds = 6,800 heat units 


Total = 46,000 heat units 


The total heat input to the tube is then 46,000 
heat units. 

The cooling curves for a 2-4.5 double focus 
tube, an oil-immersed shockproof unit, are shown 
in Figure 34. 

It is seen that the total maximum heat storage 
is 250,000 heat units. The cooling proceeds loga- 
rithmically, the rate of loss being a function of 
the total heat remaining at any time. Thus, the 
tube cools 50,000 heat units in the first two min- 
utes, 35,000 in the next two, 30,000 in the next 
two, then 25,000, and so on, until in the last 
two minutes there is a loss of only 2,000 heat 
units. Assume now that, due to previous expo- 
sures, the input to the tube has been brought up 
to 225,000 heat units and it is desired to pro- 
ceed with the above described pelvis and spine 
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series. An additional 46,000 units would exceed 
the capacity of the tube by 21,000 heat units. 
It is necessary, then, to allow the dissipation 
of 21,000 heat units before proceeding. Ex- 
amination of the curve starting at 25,000 indi- 
cates that one minute would be an interval suf- 
ficiently long for the cooling to take place. At the 
end of this time, the total heat storage would 
be 200,000 heat units, and the contemplated 
46,000 in addition would not exceed 250,000. 

Using such a tube, no practical inconvenience 
nor loss of time would be experienced because the 
removal of one patient and the preparation of 
the next would require more than one minute. 
This type of tube, due to its design and oil- 
immersion, has a relatively high thermal rating 
and is recommended. 

Consider next the use of an air-cooled radiator, 
bulb-type tube, the cooling curves for which are 
shown in Figure 151: 

It is seen that the maximum capacity is 
100,000 heat units in comparison to 250,000, 
Figure 34, and the rate of heat loss is such that 
100,000 heat units are dissipated in 30 minutes. 
In the first two minutes the tube loses 20,000 
heat units; in the next two, 15,000 heat units, 
in the next two, 12,000 heat units, etc. In com- 


parison to the oil-immersed tube, the rate of heat 
loss is appreciably less. If the same series of ex- 
posures totalling 46,000 heat units were applied 
to this type of tube which had previously been 
loaded to some value slightly under the maxi- 
mum limit, 90,000 units for example, it would be 
necessary to allow the dissipation of 36,000 heat 
units. Reference to the curve starting at 90,000 
units indicates that a time interval of five min- 
utes is necessary before proceeding with the 
radiographs, 

Thermal capacity and rate of cooling are de- 
termined by tube design and the method of 
cooling. From the figures obtained for two rep- 
resentative types, the oil-immersed and radiator 
tubes, there is clearly a difference in the num- 
ber of exposures which may be made by each 
during the course of a working day. Despite the 
initial cost of the oil-immersed type, it is the 
more economical one where a_ considerable 
amount of work is being handled. 


F. Focal-Film Distance 


The effect of focal-film distance on detail 
sharpness or definition was considered in Chapter 
VI. 

Focal-film distance within itself has no effect 
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Fic. 151. Cooling curve for an air-cooled bulb type tube. 
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upon radiographic contrast. However, a varia- 
tion in focal-film distance affects radiographic 
density appreciably. Of the four principal fac- 
tors, focal-film distance usually receives the 
least consideration. When it is necessary to tilt 
the tube for certain areas, it is not uncommon 
for the operator to read the distance on the 
tube column scale just as though the tube were 
not tilted. In some instances this may mean an 
error of 10 to 20 per cent in focal-film distance. 

However, radiographic density varies inversely 
as the square of the distance, with the result 
that what may appear to be only a small 
change in focal-film distance represents a sub- 
stantial change in film density. The difference 
in film density with a change in focal-film dis- 
tance from 30 inches to 36 inches would be ap- 
proximately 40 per cent. 

Because of magnification and detail changes 
with a variation in focal-film distance, this factor 
should not be used as a means for changing 
density except in extreme cases. 


G. Secondary Radiation 


The effect of secondary radiation on density 
and contrast in the radiograph is a problem 
that must be considered. 

It is necessary first to describe some general 
characteristics of x-radiation and the origin of 
secondary rays. The mechanics of x-ray genera- 
tion have been described. The impact of high 
speed electrons against a metallic target results in 
emission of x-rays from the surface of bombard- 
ment. These rays, called primary rays, are com- 
posed of a type of radiation characteristic of the 
target material together with a heterogeneous 
mixture of wavelengths, the limit of which is fixed 
by the maximum electron velocity in the cathode 
stream. 

When the x-ray beam described is allowed to 
fall on and pass through any physical substance, 
certain changes take place in radiation accom- 
panied by a partial conversion in its form. 

As a result of the interaction of the primary 
beam on the absorbing material, secondary radi- 
ation results. While secondary radiation may be 
broken down into several components, there are 
two which are generally considered in radiog- 
raphy: 

1. Scattered radiation 
2. Characteristic radiation 


One of these is similar in nature to the pri- 
mary beam, differing only by a shift in wave- 
length and is referred to as scattered radiation. 
The other is a function of the atomic number 
of the absorbing material and is referred to as 
characteristic radiation. 

We consider each unit volume of the sub- 
stance in the path of the primary beam to be in 
itself a source of photo-active radiation, emitted 
in all directions and effective, like the primary 
source, in darkening the x-ray film. In order 
to examine the radiographic effect, the picture 
can be simplified by considering the primary 
radiation as a single rectilinear form proceeding 
from the focal area, and the scattered and sec- 
ondary radiations together as another single 
form, propagated in all directions from the ra- 
diated mass, Figure 152. 

ELECTRONS 










PRIMARY 
RADIATION 


SECONDARY 
RADIATION 


Fic. 152. Composition of primary beam. 


From this diagram it can be seen that the 
effect of radiation from sources other than the 
focal area is to produce a diffusion of the image 
by obscuring the lighter portions of the radio- 
graph. The contrast, or difference in density, 
between adjacent film areas, is materially re- 
duced, and the gradations of density become less 
visible throughout the entire film. Secondary ra- 
diation reduces the differentiation of intervening 
structures upon which the quality of the radio- 
graph depends. The degree of secondary effect is 
controlled by the following factors: 

1. Opacity of radiated material. 

2. Volume of radiated material. 

3. Quantity and quality of primary 
radiation. 
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The first two of these determine the x-ray 
opacity of the part being examined, and this 
in turn establishes the third, so that the heavier 
parts offer the greatest difficulty in loss of con- 
trast due to secondary radiation. Without some 
method for limiting such effects, it would be 
quite impossible to produce radiographs of the 
highest quality in such areas as the lumbar 
or dorsal spine, the pelvis, the gall bladder, etc. 
Even where a considerable quantity of opaque 
material is used in the gastro-intestinal tract, 
unscreened secondary radiation produces objec- 
tionable fog in the x-ray film for all but the 
thinnest patients. 


1. Cones and Diaphragms 


Analyzing these factors, it is evident that the 
first is a characteristic of the patient and, ex- 
cept by compression, or displacement, cannot be 
controlled. The third is determined by the de- 
sired degree of radiographic density and con, 
trast and by the opacity of the region. The second 
factor, however, can be further examined for the 
possibilities of manipulation. 

If the total irradiated field be kept to the 
smallest possible area for any desired region of 
the body, then the quantity of secondary radia- 
tion will be reduced in approximate proportion 
to the square of the field diameter. 

In radiographing the gall bladder, for ex- 
ample, the circle of radiation, if no special de- 
vices are used, may be 12 inches in diameter 
or more. Assuming the patient to measure 9 
inches in thickness, the irradiated volume would 
be 1000 cubic inches, If the circle of radiation 
could be limited to 4 inches in diameter, the ir- 
radiated volume would be 110 cubic inches and 
the quantity of secondary radiation would be 
substantially reduced. 

Thus the restriction of the x-ray beam to small 
areas should prove advantageous, particularly 
for those regions of considerable thickness and 
opacity such as the abdomen, the skull, the 
knee, the shoulder, etc. 

In practice this prediction is verified by defi- 
nite improvement in contrast with limitation of 
the port of entry of the x-ray beam. In radiog- 
raphy of the sinuses, mastoids, gall bladder, 
kidneys, bladder, and lumbar spine, we have 
examples of areas in which the region of diag- 
nostic interest is surrounded by tissue which 





Fic. 153. Radiograph of a shoulder made 
with a 3-inch cone. 


acts as a source of secondary radiation. By cut- 
ting down the field area, the fogging effect of 
these rays is limited. Figure 153 is a radiograph 
of a shoulder made with a 3-inch cone, but with 
no other device for eliminating secondary radia- 
tion. Figure 154 is a radiograph taken with no 
cone. 





Fic. 154. Radiograph of a shoulder made without cone, 
all other factors remaining constant. 
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The many mechanical devices available for 
field limitation (limiting the port of entry) can 
be classified as cones, cylinders, and diaphragms. 
Cones are, as the name designates, tapered metal 
structures available in a variety of lengths and 
diameters for fitting to the tube port. Telescopic 
cylinders are of a shape which permit variation 
in length as the sections are contracted or ex- 
panded. They are, in effect, adjustable cones 
which can be used as immobilizing devices in 
contact with the body. The diaphragms are used 
close to the tube, often inserted into the filter 
slide, or in the form of sheet lead or leaded 
rubber with suitable apertures placed on the pa- 
tient’s body. 

To intelligently use cones, cylinders, and dia- 
phragms, it is necessary to know the size of field 
which will be covered at the various distances 
employed. A cone with a small aperture used at a 
long distance will be no more effective in con- 
trolling secondary radiation than a larger cone 
used closer to the film. 

A cone with a small aperture at a close distance 
may not cover the desired area while, at the other 
extreme, it may be so large that the portion of the 
body falling outside the cone circle is relatively 
insignificant, in which case the cone is of little 
value. 

In the radiography of the wrist, elbow, or 
ankle, for example, if the entire area is to be in- 
cluded, the field outside the region of interest has 
very little effect as a source of secondary radia- 
tion. 

The accompanying illustrations show the va- 
riety of cones and cylinders available for radio- 


graphic use, those in Figure 155 attaching to the 
x-ray tube stand, and those in Figure 156 fitting 
directly to the shockproof tube casing. To the 
right in each illustration is an extension cylinder, 
a device which combines the separate utilities of a 
cone and an immobilizing device. 

The use of such attachments requires some in- 
formation concerning the size of field which will 
be covered at various focal-film distances. 

Preliminary to such calculations, the following 
data is necessary: 

1. Large diameter of cone (d) 

2. Length of cone (1) 

3. Distance from small end of cone to tube 

focal spot (z) 
4. Focal-film distance (L) 


‘With these measurements the field diameter at 


the film surface (D) can be computed with the 
following formula: 
D= sees xd 
l+z 
If the film is to be entirely covered, the diam- 
eter D must be equal to or greater than the film 
diagonal which can readily be calculated with the 
following: 
c? = a? + b? 
in which c = film diagonal 
a = film width 
b = film length 


As an example, we will calculate the size of field 
and film for the type E cone, Figure 155, for 
which the end diameter is 5 inches and the 
length is 8 inches. The cone will be attached to 
the tube stand on which is supported a shock- ° 





Fic. 155. Representative cones and cylinders available for attachment to the x-ray tube stand. 
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Fic. 156. Cones and cylinders available for attachment directly to the shockproof tube casing. 


proof casing of such size that the distance from 
the focal spot to the small end of the cone is 5 
inches. This will, of course, depend on the size 
and form of the casing, lead glass bowl, or x-ray 
protective cover. Finally, let the focal-film dis- 
tance be 36 inches. Then, in the first formula, 


L = 36 inches 

1= 8 inches 

d= _ 5 inches 

z= 5 inches 
36 


X 5 = 13.8 inches. 





“8+5 


The next step is to determine the standard film 
size, the diagonal of which is equal to or less 
than 13.8 inches. Knowing that the film length 
must be less than this figure, no consideration 
need be given to the 14 by 17 inch or the 11 by 14 
inch sizes. Using the second formula and the 
values for a 10 by 12 inch film, 


a = 10 inches 
b = 12 inches 
c = 4/10? + 12? = 244 = 15.6 inches 


In this case the diagonal is greater than the 
field diameter by 1.8 inches, which means that ap- 


proximately 1 inch would be cut off at the corners 
of the film. From a practical standpoint this 
would hardly be objectionable though, for com- 
plete coverage, the 8 by 10 inch film would be the 
limit. The data are tabulated in Figure 157. 


2. Applications of Cones and Diaphragms 


a. The Head 


In radiography of the skull and its contents, 
cones are of great value when the areas of diag- 
nostic interest are small in comparison to the 
head in its entirety. The need for cones becomes 
imperative when, due to position or tube angula- 
tion, the Potter-Bucky diaphragm cannot be 
used. In such cases, by minimizing secondary 
radiation, the cone serves in part the function of 
the bucky grid. 

(1) Sinuses. For the postero-anterior projec- 
tion of the nasal accessory sinuses, extension 
cylinders No. 1 and No, 2 are particularly useful 
since they combine the functions of a cone and 
an immobilizing device. Cones D or T can also be 
used effectively as they project circles over 5 
inches in diameter at a 30-inch focal-film dis- 
tance. This area is large enough to include the 





116 


MEDICAL RADIOGRAPHIC TECHNIC 


Cone d l 


A 5 634 
B 8 8 
C 5 9% 
D 3 Wy 
E 5 8 
F 3 6% 


Ext. Cylinder #1 


(collapsed) 4 10 
(extended ) 4 18 
T 2% 12 
U 5% 10 


Ext. Cylinder #2 
(collapsed) 4 6% 


(extended) 4 12 


Zz L D Film 
5 30 13.2 8x10 
36 15.8 10x12 
40 17.6 11x14 
5 30 18.5 11x14 
36 22.2 14x17 
40 24.6 14x17 
5 30 10.4 8x10 
36 12.4 8x10 
40 13.8 8x10 
5 30 5.9 
36 7.1 5x7 
40 7.8 5x7 
5 30 11.6 8x10 
36 13.8 8x10 
40 15.4 10x12 
5 30 7.6 5x7 
36 9.4 5x7 
40 10.4 8x10 
5 30 8 5x7 
36 9.6 5x7 
40 10.6 8x10 
5 30 5.2 
36 6.3 
40 7.0 5x7 
3 30 5.5 
36 6.6 
40 7.3 5x7 
3 30 12.1 8x10 
36 14.6 10x12 
40 16.1 10x12 
3 30 12.6 8x10 
36 15.2 10x12 
40 16.9 11x14 
3 30 8.0 5x7 
36 9.6 5x7 
40 10.6 8x10 


Fic. 157. Film coverage and size of field for various types of cones and cylinders. 


sinus regions in the various projections, For the 
lateral view, these same devices can be used. 
(2) Mastoid. Cones D or T, when used at dis- 
tances from 20 to 30 inches, will cover a circle 
over 3 inches in diameter. Cylinders Nos. 1 and 
2 are excellent for this application, producing 
larger fields which permit reasonable latitude in 
centering without danger of insufficient coverage. 
(3) Skull. For the antero-posterior, postero- 
anterior, and lateral views, Cones C or U are of 
value. The extension cylinders are also quite use- 


ful, particularly where the areas of interest are 
less than the entire skull, as in the occipital and 
foramen magnum projections. For the sella tur- 
cica, the optic foramen, and the zygomatic arch, 
Cones D, F, or T may be used with advanta- 
geous effect. 

(4) Teeth. Cones D, F, or T are of particular 
value in radiography of the teeth when the regu- 
lar medical x-ray equipment is employed. In 
this application the cone is also an important aid 
to centering the x-ray beam. 
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6, Pelvis and Spine 

In radiography of the pelvis and spine, sec- 
ondary radiation is particularly troublesome. 
This is due to the size of the area involved and 
its great opacity. Because of this, the Potter- 
Bucky diaphragm or stationary grid is used 
whenever available. In addition, cones assist ma- 
terially in improving contrast where the field can 
be confined. 

(1) Pelvis. For the entire pelvis, covering a 
14 by 17 inch film, Cone B can be used at a 
focal-film distance of 36 inches or greater. If a 
smaller area is to be covered, as the head of the 
femur, sacro-iliac joint, or the ischium, Cones 
A, C, or U are quite satisfactory. 

(2) Lumbar Spine. Cones A, E, or U will cover 
the entire lumber area at 36 inches, and will as- 
sist materially in improving the quality of the 
radiograph. In the heavier patients, the use of 
one of these cones is of special value. For the 
coccyx, antero-posterior or lateral, a smaller cone 
can be used, such as D, T, or the extension cylin- 
der. 

(3) Dorsal Spine. Cone B will include the 
entire dorsal spine at 30 inches, but if less inclu- 
sive areas can be permitted, improved results 
will be obtained with Cones A, C, E, or U. 

(4) Cervical Spine. For the antero-posterior 
view, Cones A, C, E, U, or the extension cylin- 
der are satisfactory. In radiographing the lateral 
projection, 60 to 72 inches focal-film distance 
is usually employed so that Cones D, T, or F 
will cover the desired area. The upper two cervi- 
cal vertebrae, projected through the open mouth 
in the antero-posterior position, can easily be 
radiographed using Cone F which, because it is 
but 614 inches in length, permits a short focal-film 
distance. 


c. The Internal Organs 


(1) Gastro-Intestinal Tract. Cones A, C, E, 
or U are quite helpful in radiography of the 
esophagus and stomach, though the latter three 
will not completely cover a 10 by 12 inch film 
at 30-inch focal-film distance. For the colon, 
Cone B can be employed. 

(2) Gall Bladder. The use of a small cone in 
radiography of the gall bladder is a necessity if 
best results are co be obtained. The extension 
cylinder or Cone C will include an 8-inch film 
circle at 30 inches so that there is no danger of 


cutting the area with too small a field. If one 
film can be taken to localize the gall bladder, a 
second, of greatly improved quality, may be 
made using an even smaller cone, such as F. 

(3) Genito-Urinary System. Cones in conjunc- 
tion with compression bladders are of importance 
in this work, Cones A, B, C, E, and U may be 
used for areas which normally cover an 8 by 
10 inch or 10 by 12 inch film. Cone B must be 
used where a greater field is desired. 

(4) The Lungs. An increase in contrast is 
obtained on moderately heavy patients if second- 
ary radiation is reduced. For these heavier in- 
dividuals, there is some advantage in employing 
a cone of such size that it will cover a 14 by 17 
inch film at 72 inches without “cut-off.” Cone F 
or extension cylinder No. 1, fully collapsed, will 
serve this purpose. Lacking one of these, a 
rectangular diaphragm may be cut from sheet 
lead, 1/16 inch thick, and inserted in the filter 
slide adjacent to the x-ray tube. The dimensions 
of the opening depend on the distance from the 
diaphragm to the focal spot of the tube, but in 
most cases an aperture 7% inch by 1% inch will 
be approximately correct. 


d. Extremities 


The use of cones in radiography of the ex- 
tremities offers little advantage except perhaps 
as an aid in centering. These regions are not of 
great opacity so that the quantity of secondary 
radiation resulting is not disturbing. The ex- 
ceptions are the knee and shoulder areas where, 
if the individual is heavy, or the parts are in a 
cast, some improvement may be effected by 
limiting the field of radiation. 

When using cones in stereoscopy, which in- 
volves a tube shift, it must be borne in mind 
that the tube must also be tilted to cover the 
size areas described. See Chapter IX: ‘“Stereos- 


copy.” 


3. The Stationary Grid 


The purpose of the stationary grid is to re- 
duce the amount of secondary radiation emanat- 
ing from the patient, which, if permitted to strike 
the film, would produce objectionable secondary 
fog. 

The bucky grid is a mechanical device com- 
posed of strips of material opaque to x-ray, sep- 
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arated by translucent strips assembled in wafer 
form and interposed between the object being 
radiographed and the front of the film holder. 
Figure 158 shows such an assembly. It is seen 
that in the plane of the section represented in 
the diagram, radiation proceeding from within 
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Fic. 158. Simplified section of a stationary grid. 


the body is intercepted by the highly opaque 
strips while the rays which are incident to the 
grid face, at or near the perpendicular, pass 
through the relatively transparent separations. 
The grid, so used, will not completely eliminate 
secondary radiation, its effectiveness being de- 
termined by its ratio. 


In the diagram, Figure 158, the opaque ele- 
ments are shown converging to a point, the focal 
spot of the x-ray tube. Such construction, though 
complex, is a modern refinement which assures 
uniformity of absorption in the grid from edge 
to edge at the radial distance. If the lead strips 
were perpendicular to the grid surface, there 
would be an increase in absorption at the edges 
which is especially pronounced at short focal- 
film distances. 

The field of application for the stationary 
grid is the radiography or fluoroscopy of those 
regions of the body which are sufficiently heavy 
to produce objectionable secondary radiation and 
for which the Potter-Bucky diaphragm cannot 
conveniently be used. As examples: 

1. Mobile or portable work for examination 
of the pelvis, spine, knee, shoulder, and neck 
of femur, etc. 

2. Chest radiography, particularly where con- 
siderable secondary radiation may be 
caused by some pathological conditions. 

3. Fluorography, or “spot-film” procedures in 
which radiographs of the gastro-intestinal 
tract are taken at intervals during fluoros- 


copy. 


An approximate quantitative measure of the | — 


efficiency of a grid can be obtained by deter- 
mining this ratio of the thickness of the grid 
to the space between the opaque strips. If, for 
example, the thickness of the grid is 1/10 inch 
and the space between the opaque strips is 1/50 
inch, the “‘ratio” of the grid is 5 to 1. 

Such a grid would be more effective in elimi- 
nating secondary radiation than one in which 
the spacing of the opaque strips is 1/25 inch. 
The ratio in this case is 214 to 1. 

When the stationary grid is employed, grid 
shadows will appear on the film. With a modern 
stationary grid, however, having approximately 
60 strips per inch, it is difficult to recognize their 
presence at a viewing distance of approximately 
30 inches. At shorter distances they are, of 
course, evident. 





Fic. 159. Radiograph of the femoral head, taken 
with a stationary grid. 
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Fic. 160. Radiograph of the femoral head, taken with- 
out a grid, 13 kilovolts peak reduction. 


4. Fluoroscopy, where greatly increased con- 
trast is obtained by placing the grid directly 
behind the fluorescent screen. 

Figure 159 is a radiograph of the head of the 
femur, antero-posterior, made with a stationary 
grid; Figure 160 is a radiograph taken without 
any means for eliminating secondary radiation. 
The compensation for grid absorption is ap- 
proximately 13 kilovolts peak, all other factors 
remaining constant. 

Because of the absorption of secondary and 
a certain amount of primary radiation, it is 
necessary to increase the x-ray energy when a 
stationary grid is used. For example, an increase 
of approximately three times in milliampere- 
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Fic. 161. Section of an unfocused grid. 


seconds, or an addition of 13 kilovolts peak above 
the value required to obtain a given density with- 
out the grid. 

Another element of grid design which must be 
considered is the angularity of opaque strips with 
respect to its surface. If the strips are perpen- 
dicular, the grid is said to be of the “unfocused” 
type; if they are arranged so that their projec- 
tions converge at a point, the grid is said to have 
a radius or focus equal to the distance from this 
point to the grid face. Figure 161 is a section of 
an unfocused grid; Figure 162 is a section of a 
focused grid of radius “F”’. It is evident that an 
unfocused grid used at short focal-film distances 
will absorb much more radiation near its lateral 
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Fic. 162. Section of a focused grid of radius “F.” 


edges than it will in the center. As a result there 
will be a decrease in density toward the two film 
edges parallel to the direction of the grid strips. 
This same effect will be observed but to a lesser 
extent on a focused grid, particularly when a 
focal-film distance other than the grid radius is 
employed. 

It is important for both the focused and un- 
focused grid that the tube be perpendicular to 
the grid. If the grid is tilted from this perpen- 
dicular, the radiation is angulated through the 
opaque strips rather than through the relatively 
transparent separating members, and may result 
in a film all or partially blank. Tube tilts parallel 
to the direction of the strips are quite permissible 
and produce no objectionable variations in den- 
sity. It is important that this be kept in mind 
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in bedside or mobile applications where a great 
variety of angulations and variations in position 
may cause one to overlook the direction of the 
grid strips. 

Another condition which must be observed 
is the centering of the x-ray tube with respect 
to the center of the grid and the center of the 
film. It is just as important that this be done 
with the stationary focused grid as it is with the 
usual type of Potter-Bucky diaphragm in order 
to avoid uneven density across the film. Dis- 
placing the tube from the grid center has the 
same effect as does a transverse tube tilt. If the 
grid is of the unfocused type, the side of the 
film toward which the tube is shifted will be 
darker than the other; if the grid is of the fo- 
cused type, it will be lighter. It should be re- 
called that the shifts referred to are at right 
angles to the direction of the strips. Tube dis- 
placements parallel to this direction will have no 
effect on the density of the film. 

It is important to recognize that a focused 
grid has a “tube” side and a “film” side. If 
these surfaces are accidentally reversed, the grid 
absorption will be extremely high, except for a 
narrow strip in its center. The radiograph will be 
quite light, if not blank, except for the small por- 
tion under the perpendicular lead strips in the cen- 
ter of the film. In order to differentiate the grid 
surfaces some form of marking is always placed 
on the side of the grid which is to face the tube. 
If the grid has its elements perpendicular to its 
base (unfocused), it may be used with either 
side up. The direction of the grid strips is usually 
indicated by a line on the grid surface. 

While modern stationary grids are mechani- 
cally strong and rigid, it is possible to seriously 
damage them by careless use. It may be necessary 
to use a film of a size smaller than the dimensions 
of the grid. If the cassette is placed under the 
grid and the patient’s weight rests upon it, there 
may be a great mechanical strain over the un- 
supported sections of the grid which may damage 
it. To prevent such destruction, a number of 
wooden frames may be made, each of them hav- 
ing outside dimensions equal to those of the grid 
with apertures equal in size to the various cas- 
settes which may be employed. The weight of 
the patient will then be supported by the frame 
outside of the cassette, and the likelihood of 
damage will be considerably reduced. 
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4, The Potter-Bucky Diaphragm 


One objection to the use of the stationary grid 
is the appearance on the radiograph of a series 
of grid shadows. If, during the exposure, the 
grid is moved at right angles to the direction of its 
elements, the grid shadows should be eliminated 
since no single opaque strip will overlie the x-ray 
film in the same place for the entire exposure. The 
principle of the moving grid was devised by Dr. 
Hollis E. Potter in recognition of whom the device 
is called the Potter-Bucky diaphragm. In modern 
design it is generally an integral part of the x-ray 
table, mounted on rollers directly beneath the 
table top. There are several sizes of Potter-Bucky 
diaphragms which are made to be used as port- 
able units. 

Figure 163 is an illustration of a Potter-Bucky 
diaphragm as seen with the top removed. The 
grid (1) is actuated by a spring (2) working 
against the mechanical resistance of a piston mov- 
ing in an oil-filled cylinder (3). The distance 
traveled by the grid is approximately 2 inches, 
moving from its initial position shown by the 
dotted line to which it is set by pulling the lever 
(4). The velocity of the grid is controlled by the 
timing device (5) which operates directly on the 
piston (3) to regulate the rate of its displace- 
ment through the cylinder. A dial indicates the 
time of grid travel which, on a modern high 
speed assembly, can be varied from 1/10 second 
to 40 seconds. 

It is necessary that the grid be in motion be- 
fore the exposure is started and that it continue 
for a short time after the exposure is terminated 
in order to prevent the appearance of grid lines 
in the periods of acceleration and deceleration of 
the grid. The simplest form of release, now large- 
ly outmoded, is a pull string fastened to a catch 
on the actuating spring. The string releases the 
grid, a bell rings after the grid has accelerated, 
and a second bell rings as the grid begins its de- 
celeration. The exposure must be completed be- 
tween the sounding of the bells. 

An improvement over the string release is the 
electromagnetic trip, which permits remote push 
button control. 

This release is actuated by the exposure switch 
setting the grid in motion. After approximately 
10 per cent of the total grid travel, uniform ve- 
locity will be attained, at which time a set of 
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Fic. 163. Components of a Potter-Bucky diaphragm with the top removed. 


contacts is automatically closed, starting the 
x-ray exposure. This is controlled by the timer 
which terminates the exposure. The grid con- 
tinues to move, coming to rest after the exposure 
has terminated. If, by mistake, the bucky control 
is set for a time shorter than the timer setting, 
grid lines are prevented by an automatic shut- 
off feature operating through the machine control 


which opens the circuit just prior to the ter- 
mination of the grid travel. A bell (6) is retained 
in the interlock mechanism mainly as an indica- 
tor of travel termination. A cutout switch (7) 
short-circuits the interlock mechanism for non- 
bucky technic. This switch is often incorporated 
in the central control apparatus so that it can 
be codrdinated with other machine settings. 
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Fic. 164. Radiograph of an antero-posterior spine taken 
without the Potter-Bucky diaphragm. 


The setting of the bucky timing control (5) 
must be such that the exposure can take place 
through its period of uniform travel. If the dial 
is set for 120 per cent of the exposure so that the 
grid will travel longer than the actual timer, 
there will be sufficient overlap to permit full ex- 
posure. The grid travel time can easily be 
checked when desired by comparison with the 
exposure timer for 2, 5, or 10 seconds and mak- 
ing any adjustment necessary on the timing dial. 
If the grid travel time is much longer than the 
exposure duration, the x-ray tube will be off 
center with respect to the grid during its effective 
travel; i.e., during the exposure. The result will 
be uneven distribution of x-ray energy to the 
film, and a non-uniform density of the radio- 
graph. 

The function of the Potter-Bucky diaphragm 
is to absorb secondary radiation by the inter- 
position of opaque strips between its source and 
the film. The effect of this absorption is shown 
in the illustrations. 

Figure 164 is a radiograph of an antero-pos- 
terior spine taken without the Potter-Bucky 
diaphragm; Figure 165 is made with the dia- 
phragm. It is plainly evident that in the first, 
sufficient secondary radiation has been produced 
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Fic. 165. Radiograph of an antero-posterior spine taken 
with the Potter-Bucky diaphragm. 


to markedly fog the film and obscure the areas 
of normally lesser density. The absorption dif- 
ferentiation within the tissues themselves is, as a 
result, greatly decreased; this effect is apparent 
on the film as loss of radiographic contrast. Tis- 
sue differentiation is very much improved and 
the quality of the radiograph greatly increased by 
the absorption of a high percentage of secondary 
radiation in the Potter-Bucky diaphragm. 

There are some precautions which must be 

observed in the use of the Potter-Bucky dia- 
phragm: 

1. The grid travel time should not be more 
than 20 per cent greater than the duration 
of the radiographic exposure. With greater 
variation, there will be an uneven distribu- 
tion of density over the surface of the film 
and an increasing possibility of grid shad- 
ows. 

2. The focal-film distance should be within 
plus or minus 25 per cent of the radius of 
the diaphragm. A 40-inch grid may be used 
from 30 inches to 50 inches, and a 30-inch 
grid from 22 inches to 38 inches without 
excessive variation in film density crosswise 
the grid. If distances beyond the limits 
recommended are employed, there will be 
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loss in density outward from the center of 


the film. Figure 166 is a series of exposures ~ 


at various focal-film distances, 30 inches, 
40 inches, and 50 inches with a Potter- 
Bucky diaphragm grid having a 40-inch 
radius. Note the falling off of density to- 
ward the edges of the film. 


3. The x-ray tube should be positioned to 
the center of the Potter-Bucky diaphragm. 
An off-center position will result in non- 
uniformity of film density and the possi- 
bility of grid lines. In stereoscopic technics 
with the shift crosswise, it may be found 
necessary to increase the exposure slightly 


Fic. 166. Radiograph of a stationary grid taken at 30 inches, 40 inches, and 50 inches. 
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for one of the films to equalize the density 
for both. Figure 167 is a radiograph of a 
pelvis taken with the tube 4 inches off cen- 
ter toward the right side of the patient at 
a distance of 40 inches. The difference in 
density between the right and left portions 
of the film is quite marked. If the tube is 





Fic. 167. Radiograph of a pelvis taken with the tube 
3 inches off center toward the right side. 


shifted parallel with the grids, densities 
will be equal on both films. 

4. The grid must be allowed to reach a uni- 
form rate of travel before beginning the 
x-ray exposure. With an electrical inter- 
lock mechanism, this is automatically ar- 
ranged. If an interlock is not incorporated, 
about 10 per cent of the exposure time must 
be allowed for acceleration. 

5. The grid must be traveling at uniform rate 
of travel when the exposure is terminated. 
The “slowing down” period must be con- 
sidered in setting the grid travel time. If 
the exposure is continued beyond the period 
of uniform travel, grid lines may result. If 
the exposure continues after the grid comes 
to rest, they are certain to appear. The 
electrical interlock mechanism safeguards 
against this occurrence by automatically 
terminating the exposure as the grid begins 
to slow down. 

6. Tube tilts angulated across the direction of 
the grid strips should be avoided. Tube 
tilts parallel to the direction of the strips 
will have no effect on absorption. 


a. Application of the Potter-Bucky Diaphragm 


The applications of the Potter-Bucky dia- 
phragm to radiographic technic are extensive, 
including all areas of sufficient thickness and 
opacity to set up disturbing secondary radiation, 
So important is this device that only the lighter 
extremities and a small number of regions in the 
skull can be excluded from those in which marked 
improvement in quality can be effected. 

As previously stated, limiting the area through 
the use of proper cones aids materially in reduc- 
ing secondary radiation. The combination of 
proper cones with the Potter-Bucky diaphragm 
provides the ideal method for producing the 
maximum in tissue differentiation. 

(1) Pelvis and Spine. The pelvic and spinal 
regions, because of their greater opacity, require 
x-ray energy values in excess of those employed 
for most other parts of the body. The resulting 
secondary radiation interferes to an objectionable 
extent with the quality of the film. 

(2) Ribs and Sternum. The ribs below the 
diaphragm require a bucky procedure since the 
energy employed approximates that for the lum- 
bar spine exposures. Above the diaphragm, the 
opacity is very much less and non-bucky pro- 
cedures may be acceptable. However, in the 
oblique and lateral views on moderately heavy 
patients, there is objectionable scattering which 
may, with advantage, be removed by utilization 
of the Potter-Bucky diaphragm. 

The sternum in the lateral position does not 
require the grid, though results are improved 
with its use. In the oblique projection there is 
a necessity for increasing contrast because of the 
low inherent differentiation between the sternum 
and the surrounding tissue. 

(3) Skull. The lateral skull is similar in opac- 
ity to the pelvis. The problem of secondary 
radiation is very much the same with the ex- 
ception that small areas are frequently radio- 
graphed, permitting the use of small cones or 
field-limiting devices which reduce to some ex- 
tent the scattered radiation. The optic foramen 
may thus be filmed with a 2-inch cone and fair 
results may be obtained. For the lateral, antero- 
posterior, postero-anterior, and occipital projec- 
tions Potter-Bucky technics are desirable. The 
exceptions may be certain emergency cases where 
injuries prevent the removal of a patient from a 
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Fic. 168. Radiograph of the maxillary sinuses taken with- 
out a Potter-Bucky diaphragm, 4-inch cone. 


bed or hospital cart in which case the stationary 
grid may be used. 

(4) Sinuses. In radiography of the sinuses, a 
4-inch cone or extension cylinder is commonly em- 
ployed. By so limiting the field of radiation, ac- 
ceptable results may be obtained without the 
Potter-Bucky diaphragm, though greater con- 
trast is obtained with it. Figure 168 is a radio- 
graph of the maxillary sinuses made without a 
Potter-Bucky diaphragm but with a 4-inch cone. 





Fic. 169. Radiograph of the maxillary sinuses taken 
with the cone and the Potter-Bucky diaphragm. 
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Figure 169 is a radiograph made with the cone 
and the Potter-Bucky diaphragm. 

(5) Mastoids. The mastoid cells, because 
they may be covered in a small cone circle, are 
most satisfactorily filmed without the Potter- 
Bucky diaphragm, though in the lateral pro- 
jection some improvement is noticeable with it. 
Since a distance of only 22 inches or 25 inches is 
generally employed, the energy values are fairly 
low. The combination of the 2-inch cone and 
low x-ray energy is in the direction of reducing 
secondary radiation, thus making the Potter- 
Bucky diaphragm unnecessary. 

(6) The Extremities. Radiography of the 
heavier regions in the extemity group may be 
improved through the use of the Potter-Bucky 
diaphragm. The knee, the femur, and the 
shoulder are generally sufficiently opaque so that 
best results are obtained only with the reduc- 
tion of secondary radiation. The ankle of a 
large patient may also fall in this class, particu- 
larly if in a cast, When a non-screen type of film 
is employed for the heavier extremities, the Potter- 
Bucky diaphragm is essential if results of the 
highest quality are to be obtained. 

(7) Chest. On heavy patients, or in certain 
types of pathology, the Potter-Bucky diaphragm 
is a distinct aid in producing better quality 
films. With the advent of high-speed bucky grids 
and mechanisms, exposures of 49 and Wo sec- 
ond are possible without the appearance of objec- 
tionable grid shadows on the film. It is to be 
expected that in the future more bucky chest 
work will be done, particularly for the type of 
patients mentioned above and for lateral pro- 
jections on individuals of even moderate size. 

(8) Internal Organs. Radiography of the gall 
bladder and urinary tract requires a Potter- 
Bucky technic for acceptable results. 

(9) Stomach and Colon. Though it is true 
that a barium-filled stomach or colon possesses 
a high degree of inherent differentiation, second- 
ary fog is present particularly in the case of 
heavy individuals, and can advantageously be 
eliminated through the use of a Potter-Bucky 
procedure. 


H. Absorption Characteristics of the Body 


The radiographic image is a record of the 
journey of the x-ray beam from the tube focal 
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spot to the film surface upon which the film- 
blackening effect is proportional to the energy 
remaining after passage through the absorbing 
medium. This remnant energy depends on the 
intensity of the incident beam, the nature of 
the absorbing medium, and its intervening thick- 
ness, 

Figure 170 is a qualitative demonstration of 
the absorption process in which I, is the initial 
beam intensity measured at the proximate sur- 
face, I is the intensity of the beam as it leaves 
the absorbing medium, X is the thickness of the 





I= Io ex 


Fic. 170. Diagram illustrating linear absorption. 


intervening structure, y. is a number characteris- 
tic of the material and known as its absorption 
coefficient and e is the base of the natural sys- 
tem of logarithms, 2.718. 

The equation indicates that the diminution 
of energy is a function of the quantity remain- 
ing at any point in a logarithmic decay form. 
The coefficient um is of great interest since it may 
be expressed in relation to unit mass of the 
absorbing material and, as such, a measure 
of its absorbing power: 


e 
€ 


Pn = 


in which e is the density of the substance. 
Since we rarely radiograph elemental material 
but are generally confronted with compounds and 
combinations of compounds, it is of convenience 
to express the absorption function in terms of the 
energy absorbed per molecule. Knowing that the 
mass absorption coefficient is independent of the 
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physical state of the material and that the en- 
ergy absorbed per atom is independent of its 
form of chemical combination, it is relatively 
simple to compute molecular absorption co- 
efficients for the substances encountered in radi- 
ography and to establish their relative opacities 
from such figures. 

The relationship thus far derived holds for re- 
stricted conditions: 

1. The radiation must be homogeneous. 

2. The beam must be small in section. 

3. The material must be homogeneous and 

uniform in thickness, 

Since these conditions in x-ray practice are 
approximated but not attained, precise calcula- 
tions are hardly significant. However, some de- 
ductions may be made of relative absorption 
based on what is known of the chemical con- 
stituents of calcium carbonate, water, and air, 
three of the principal constituents of bone tis- 
sue, soft tissue, and lung tissue. 

From calculations made using the preceding 
formulae, the table in Figure 171 is compiled. 


Element pm Z A pa 

Hydrogen 0.375 1 1 .062 x 10-8 
Oxygen 0.183 8 16 488 x 10-5 
Nitrogen 0.179 7 #14 .412 x 10°78 
Carbon 0.175 6 12 350 x 10-8 
Calcium 0.520 20 40 3.47 x10*8 


Fic. 171. Absorption coefficients for materials of which 
the body is composed. 


Multiplying the atomic absorption coefficient 
by the number of atoms per molecule, the molec- 
ular absorption coefficients of Figure 172 are ob- 
tained. 


Material Coefficient 

Air 0.435 x 10-7 
Water 0.612 x 10-78 
Calcium Carbonate 5.28 x 10-8 


Fic. 172. Molecular absorption coefficients for 
various substances. 


These numbers express in a purely relative 
manner the absorbing power of the principal 
materials through which the x-ray beam is di- 
rected in radiographing the human body. It is 
evident that bone tissue is much more opaque 
than the soft tissue and that the lungs largely 
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filled with air offer relatively little obstruction. 
There results on the film a pattern of densities 
established by the total opacity of the transverse 
tissue in the path of the x-ray beam for each 
area unit of its surface. The contrast between 
adjacent areas leads to the visible differentia- 
tion of tissue structure wherein lies the diagnostic 
value of the radiograph. This contrast is estab- 
lished by the differential absorption which, as 
has been shown, is a function of the thickness 
of the absorbing material and of its nature. 

It is necessary to point out that the absorption 
coefficient for any substance is not a constant, 
but is different for different wavelengths of x-rays. 
There are sharp discontinuities for certain critical 
wavelengths which greatly affect their behavior. 
The values as obtained are significant only when 
a homogenous beam is employed and the ab- 
sorbing material is pure. 

For these reasons the determination of x-ray 
technics based on accurate knowledge of tissue 
density and thickness is impractical. Such in- 
formation as we now possess is entirely empirical, 
and is established on the basis of x-ray energies 
required for various regions of the body, the 
variation in energy per centimeter thickness 
of tissue for these areas, and the effects of inspira- 
tion, expiration, compression, disease, atrophy, 
etc. 


I. Radiographic Opacity 


The absorption of x-rays is a function of the 
thickness of the absorber, its absorption coeffi- 
cient, and of the nature of the x-ray beam. 
The theoretical law is a simple exponential, 
I = I,e-#*; but the complex nature of the coeffi- 
cient » has led to the use of empirical informa- 
tion related, in radiography, to the energy re- 
quired for various regions of the body and the 
variation per centimeter thickness of tissue for 
these areas. The quality of the radiograph will de- 
pend on the degree of differentiation of tissue 
structure in adjacent areas which, in turn, is 
established by contrast, density, and sharpness 
of detail. 

The specification of acceptable standards for 
radiographic quality has, as yet, been unsatis- 
factory. The complexity of structure, the great 
variation in densities over the film surface, and 
differences in individual preferences among ob- 
servers are factors which have thus far been 


insurmountable. The establishment of radio- 
graphic standards and technical factors, as tube 
voltage and milliampere-seconds, which can be 
used in reproducing such standards, is further 
complicated by the fact that the quantity and 
quality of x-ray output are not universally speci- 
fied by the electrical input to the x-ray tube 
expressed in kilovolts peak and milliampere- 
seconds. 

Any portion of the film area is a record of 
what is left of the x-ray beam after passage 
through the intervening structure, a complicated 
combination of bone, soft tissue, and muscle in 
varying thicknesses and degrees of concentration. 
The eye, viewing the film by transmitted light, 
is able to differentiate areas because of differ- 
ences of density or contrast. Some data can be 
obtained photometrically by placing a photo- 
electric cell and galvanometer as shown in Figure 
173 and measuring the transmitted light for 
various regions of the film, and expressing the 
absorption in terms of film density units, a 
unit being that density which will reduce the 
transmitted light to %4o of the incident light. 







PHOTO-ELECTRIG 
CELL 


GALVANOMETER 


Ds Lod. 


Fic, 173. Method for measuring light intensities 
and film densities. 





128 


MEDICAL RADIOGRAPHIC TECHNIC 


The general formula is 
I 
D = log, 4 


in which I, = intensity of inci- 
dent light 
I = intensity of 
transmitted light 


The values for substitution in the formula 
were obtained by reading the light intensity with 
the film removed (I,), then reading the intensity 
over any desired area on the film (I). The loga- 
rithm of the ratio is the density. If the densities 
for two adjacent areas were D, and Dz, the con- 
trast is expressed as 


C=D,-D, 


In analyzing the effects of tissue opacity, we 
can make use of such physical expressions for 
density and contrast to illustrate the absorption 
properties. In obtaining the following data, radio- 
graphs of the highest possible quality were made 
of the pelvis, the shoulder, the skull, the chest, 
and the lumbar spine so that all combinations 
of tissue structure could be studied. Photo-elec- 
tric measurements were made for various regions 
in the film and the corresponding densities were 
calculated, Figure 174. Keeping in mind the 
fact that a density value of 1.0 represents a 10 to 
1 ratio of incident to transmitted light, while a 
density of 2.0 is a 100 to 1 ratio, a concept of the 
variation present in a radiograph of excellent 
quality can be formed. 


Jj. Effect of Tissue Thickness 


The effect of tissue opacity on density and 
contrast has thus far been analyzed from the 
point of view of (1) the absorption characteris- 
tics of bone, muscle, and soft tissue, and (2) the 
film response to differential absorption of x-rays 
passing through the region being radiographed. 

Repeating the general absorption law for the 
passage of x-rays through matter, 


I = Ie“ 


in which x is the thickness of the absorber, p 
is a factor relating to its absorbing power and the 
incident and remnant intensities are I, and I 


Pelvis 
Antero-Posterior 
Area Density 
Tliac Crest 2.30 
Sacro-Iliac 0.42 
Femoral Head 0.40 
Pubic Symphysis 0.67 
Sacrum 1.15 
Soft Tissue above Crest 3.00 
Lumbar Spine 
Lateral 
Area Density 
First body (center) 1.12 
Second body 1.40 
Third body 1.46 
Fourth body 1.33 
Fifth body 0.94 
Intervertebral space 1.60 
Anterior soft tissue 2.00 
Posterior soft tissue 3.50 
Skull 
Lateral 
Area Density 
Frontal 2.00 
Parietal 1.07 
Occipital 0.89 
Sella turcica 1.32 
Petrous portion 0.26 
Shoulder 
Antero-Posterior 
Area Density 
Head of humerus 1.52 
Clavicle, acromial end 2.22 
Glenoid fossa 0.38 
Body of scapula 0.88 
Clavicle, sternal end 1.14 
Chest 
Postero-Anterior 
Alrea Density 
Apex 0.4 
3rd and 4th interspace, right 1.00 
Base, right 1.19 
8th and 9th interspace, left 1.19 


Fic. 174. Film density measured on typical radiographs. 


respectively. From this expression, which in a 
practical sense is only approximated, it is seen 
that the thickness of the part is not a complete 
specification of its total absorbing power, but 
must have associated with it some form of ab- 
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sorption characteristic dependent upon the na- 
ture of the material. It is this factor which 
introduces the indeterminate element in x-ray 
technic, an element based on the condition of 
the patient, such as atrophy due to disuse, age, 
disease, etc. Were it not for such variables, it 
would be possible to devise an exact x-ray tech- 
nic chart based on the thickness of the part and 
the variation in x-ray intensity per unit thick- 
ness expressed usually as kilovolts peak per 
centimeter. Despite the so-called “patient varia- 
ble” with respect to tissue thickness, the measure- 
ment of part procedure is of particular value 
especially to the technician lacking the experi- 
ence to successfully judge technic by measuring 
with the eye. Figure 175 is a typical chart based 
on thickness of part. 


Region 

Skull, antero-posterior 

Shoulder, antero-posterior 
Cervical Spine, antero-posterior 
Dorsal Spine, antero-posterior 
Lumbar Spine, antero-posterior 
Lumbar Spine, lateral 

Pelvis, antero-posterior 

Chest, postero-anterior (no bucky) 
Stomach, postero-anterior 


age tissue density and a single compensating fac- 
tor is introduced as an additive or subtractive 
constant expressed in terms of kilovolts peak. 
Such a procedure, with a complete chart of the 
form illustrated, will lead to a standardized tech- 
nic chart based on measurement of part thick- 
ness for each region of the body and will pro- 
vide a reasonably satisfactory basis for at least 
a partial specification, freed from the variability 
of rules of thumb and subjective errors. 
Since the factors are selected in accordance 
with the technical requirements of each region, 
the variations about the average thickness should 
theoretically be sufficiently compensated for by 
changes in x-ray energy to produce a range over 
which the results are of the highest possible 
order. For example, all chest technics are based 


Milliampere Kilovolts 
Distance Seconds Peak Centimeters 
40 inches 100 64 19 
40 inches 40 50 14 
40 inches 50 56 13 
40 inches 200 60 21 
40 inches 200 64 18 
36 inches 300 70 28 
40 inches 200 60 20 
72 inches 15 54 20 
40 inches 75 68 20 


Fic. 175. Typical technic chart based on thickness of the parts to be radiographed. 


The variation in kilovolts peak per centimeter 
thickness with screens usually varies from 2 to 
3 kilovolts peak, depending on the initial kilo- 
volts peak value. 

Thus, the technic for an antero-posterior skull 
measuring 22 centimeters would be 64 kilovolts 
peak + (3 X 2) or 70 kilovolts peak; for a 
lateral lumbar spine measuring 34 centimeters, 
the required voltage would be 70 kilovolts peak 
+ (6 X 3) or 88 kilovolts peak; and a chest 
27 centimeters in thickness would require 54 
kilovolts peak + (7 X 2) or 68 kilovolts peak. 
It is to be understood that the actual values 
given above depend to a great extent on the out- 
put characteristics of the x-ray machine, the 
speed of the intensifying screens, the sensitivity 
of the film, the activity of the developer, and the 
absorption of the Potter-Bucky diaphragm. 
These factors are standardized by a series of test 
radiographs made on measured subjects of aver- 


on the selection of the most satisfactory values 
of milliamperage, time, kilovolts peak, and dis- 
tance for chests of average thickness; all lateral 
lumbar spine technics on the optimum factors 
for the average lateral lumbar spine; all antero- 
posterior skull technics on the most suitable 
combination for the best radiograph of this par- 
ticular region. This procedure eliminates the most 
common source of error in measurement-of-part 
technic tables, that of extending factors indis- 
criminately from one region to another simply on 
the basis of a change of tube voltage to com- 
pensate for differences in thickness without cog- 
nizance of the necessity for varying time, tube 
current, and often the distance for various areas 
of the body. 

Unfortunately, even with the restricted range 
of variation of the foregoing procedure, a consid- 
erable exercise of professional judgment must in- 
fluence the final choice of the single variable, 
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kilovolts peak. This judgment must be applied 
to the indeterminate factor of tissue opacity, the 
absorption per unit thickness, the p of the 
absorption law for x-rays. Influenced as it is by 
the age of the patient, his body configuration, by 
disease, and by atrophy due to disuse, this factor: 
is one of great importance in its effect on density 
and contrast of the radiograph. 


K. Body Configuration 


Tissue opacity per unit thickness in most 
regions is greater for the short, stocky individual 
than for the tall, thin type. The distribution 
of muscular tissue affects the energy required 
for equivalent radiographic densities by from 
5 to 10 kilovolts peak, the exact value depending 
on the region being radiographed and the tube 
voltage. The factor of kilovolts peak must be 
considered because the response characteristic 
of intensifying screens and films together with the 
non-linear relationship of x-ray output combine 
to make small changes much more effective at 
low values than at high. As examples, the table, 
Figure 176, gives the change in tube voltage nec- 


Initial Kilovolts Peak Change in Kilovolts Peak 


30 3 
40 4 
60 10 
80 16 


Fic. 176. Approximate change in tube voltage necessary 
to double or halve the density on a film, with intensi- 
fying screens. 


essary to double or halve the density on a film 
with Parspeed intensifying screens. 

Considering further the problem of body con- 
figuration, certain areas will be less affected than 
others by such structural differences. The skull, 
sinuses, mastoids, and teeth are relatively unaf- 
fected; the spine, G-I tract, G-U tract, gall blad- 
der, much more so, and the lungs to some in- 
termediate value. Assuming a reference level of 
60 kilovolts peak, the compensation will be some- 
what as shown in Figure 177. 


Region 
Short, Heavy 


0 kilovolts peak 
+4 kilovolts peak 
+6 kilovolts peak 


Skull, extremities 
Lungs 
Other internal organs 


0 kilovolts peak 


L. Muscular Condition 


The muscular tone of the patient will have a 
noticeable effect on film density and contrast. 
Individuals engaged in active work requiring 
muscular exertion develop an increased tissue 
opacity which, in some cases, may require an ad- 
dition of 10 kilovolts peak over the average 
technic. A person whose habits and work are 
sedentary will, on the other hand, exhibit a 
lesser opacity for the same thickness, requiring 
a decrease in penetration of perhaps 6 kilovolts 
peak under the average. These figures are ap- 
proximate and are subject to the same modifica- 
tion for different regions of the body as indi- 
cated in the preceding table. For these regions 
in which muscular development has little effect, 
as the skull, sinuses, mastoids, etc., the technic 
may require no compensation, In the shoulder 
and abdomen, well-developed musculature great- 
ly increases the opacity of these areas, while there 
will be a marked effect, though to a lesser extent, 
in radiography of the extremities. No precise 
values of compensating x-ray energy can be given 
because there is no known method for measuring 
a person’s muscular condition; judgment and 
estimation from previous experience are the 
only guides, within the limits expressed in the 
preceding paragraphs. 


M. Disease and Atrophy 


The tissue changes resulting from disease and 
atrophy affect x-ray opacity to an extent even 
less determinable than the classes already dis- 
cussed. A fluid-filled lung greatly increases the 
absorption of this region; a partially atrophied 
bone is much less opaque than the normal. 
The degree of compensation to the average tech- 
nic required for pathological changes is very 
often unpredictable when the patient first pre- 
sents himself, making necessary the acceptance 
of a “first film” which may be markedly under or 
over exposed. By examination of this initial 
trial, the technician should be able to cor- 


Compensation 


Average 


0 kilovolts peak 
0 kilovolts peak 


Tall, Thin 

0 kilovolts peak 
—4 kilovolts peak 
—6 kilovolts peak 


Fic. 177. Effect of body configuration on average radiographic technic. 
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rectly estimate the increase or decrease in tube 
voltage necessary to produce the desired density. 
The table in Figure 176 gives the voltage nec- 
essary to double or halve the density at various 
initial values. 

Contrast as well as density is affected by the 
presence of changes due to disease or atrophy. 
The differentiation between adjacent structures 
following atrophy of the bone, for instance, may 
decrease radiographic contrast to a surprising 
extent so that technic conversions may be nec- 
essary to produce the best film. The technician 
should be able to recognize the appearance of a 
“flat” film resulting from changes in the nature 
of the tissue and to alter the technic to increase 
contrast, if desirable. 

The various factors affecting tissue opacity 
may be cumulative or some may cancel others in 
a particular case. Over a large number of pa- 
tients representing all sizes, body configuration, 
musculature, state of health, and age, which are 
likely to be encountered in practice, a statistical 
distribution of variations becomes evident. Re- 
stricting the field to adults, for example, one 
will find that the greatest percentage will re- 
quire what has been classed as the “average” 
technic, based on the opacity of a 5 foot 8 inch 
male weighing 150 pounds, or a 5 foot 2 inch 
female weighing 120 pounds, For the greatest 


Part Variation 

Wrist 9 kilovolts peak 
Elbow 12 kilovolts peak 
Shoulder 15 kilovolts peak 
Ankle 12 kilovolts peak 
Knee 14 kilovolts peak 
Skull 14 kilovolts peak 
Sinuses 14 kilovolts peak 
Mastoids 8 kilovolts peak 


12 kilovolts peak 
18 kilovolts peak 
18 kilovolts peak 
24 kilovolts peak 


Cervical Spine 

Dorsal Spine 

Lumbar Spine, antero-posterior 
Lumbar Spine, lateral 


Pelvis 18 kilovolts peak 
Lungs 20 kilovolts peak 
Kidney 18 kilovolts peak 
Gall Bladder 21 kilovolts peak 
Stomach 21 kilovolts peak 
Colon 18 kilovolts peak 


Fic. 178. Usual range of variation in terms of kilovolts 
peak for certain regions of the body, with Parspeed 
screens. 


percentage of radiographs, the variations from 
technics required for this type of person in 
moderately good health will be relatively little. 
The number corresponding to large variations 
will, on the other hand, be decreasingly small. 
It is possible then to set up certain limits of 
variations which include a large percentage of 
all adult subjects which are likely to be en- 
countered in radiography. The variation will be 
different for various areas of the body and will 
depend on the nature of the recording medium 
as well as the initial value of tube voltage. The 
table, Figure 178, has been prepared for Parspeed 
screens at voltages normally employed in radiog- 
raphy of the parts specified. 

The variations are given in terms of kilovolts 
peak, the difference between the maximum and 
minimum values over a large number of subjects, 
as determined from actual experience. 


N. Tissue Differentiation 
1. Opaque Media 


The contrast between adjacent areas is deter- 
mined by the differential absorption which de- 
pends on the thickness of the absorbing tissue 
and its nature. The characteristics of bone, mus- 
cle soft tissue, and the air cavities of the body 
are such that differences between their x-ray 
absorption are relatively great except for modi- 
fications introduced by the effect of disease and 
atrophy. For many areas of the body the inherent 
differentiation of adjacent structures is not suffi- 
ciently great to permit visualization on the radio- 
graph. The esophagus, stomach, colon, kidney, 
urinary bladder, and gall bladder are examples 
of organs which require the introduction of sub- 
stances having in themselves greater opacity than 
the tissue surrounding these parts of the body. 
The nature of the opaque medium depends on 
the particular portion of the anatomic system 
into which it is to be absorbed or introduced, 
and are so varied that they may be best treated 
separately. 


a. Gastro-Intestinal System 


In radiography and fluoroscopy of the gastro- 
intestinal tract, the basic opaque medium is bari- 
um sulphate, a material obtained by precipita- 
tion from barite, vacuum dried and pulverized 
to produce a finely divided white substance of 
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molecular weight 233 which, after mixing with 
water, forms a suspension for administration 
orally or by enema. In order that the preparation 
more nearly approximates the normal motility of 
food taken into the stomach, the barium sulphate 
is usually mixed with specially processed cereals, 
flavored with vanilla or chocolate for increased 
palatability. In such mixtures, the barium sul- 
phate content is 70 per cent and 60 per cent 
respectively. : 

For the delineation of the oesophagus and 
rugae, a modification of the barium meal is made 
by adding a small quantity of a substance which 
causes it to adhere to the mucosa, increasing the 
radiographic or fluoroscopic contrast. The barium 
sulphate content of this preparation is usually 50 
per cent, so that it is used in somewhat greater 
concentration for the usual examination. 

From what has already been written of the 
factors affecting contrast, it should be known 
that the quantity of relatively high opacity ma- 
terial, in this case barium sulphate, must main- 
tain a constant proportion of the total body 
thickness if the contrast is to be maintained. 
The quantity of opaque substance should be 
varied with the size and weight of the patient 
to maintain proportionality of the x-ray absorp- 
tion of the body to the absorption of the opaque- 
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filled portion of the gastro-intestinal tract being 
examined. 


b. Gall Bladder 


The variation in density from point to point 
in the radiograph is due to differential absorp- 
tion of the x-ray beam in the various regions 
overlying the film. Where the differences nor- 
mally existing within the body are insufficient to 
produce noticeable differences in density be- 
tween adjacent areas on the film, there will be 
little or no visibility of structural outlines and no 
diagnostic value in the film. 

In the case of the gall bladder, sodium tetra- 
iodophenolphthalein is used for its visualization. 

Preparations of this dye are available for oral 
or intravenous administration in cholecystog- 
raphy. 

c. Urinary Tract 

The urinary tract, composed of the kidneys, 
ureters, and the urinary bladder, like the organs 
mentioned above, are ordinarily not sufficiently 
opaque to be visibly differentiated on the radio- 
graph. A number of substances have been devel- 
oped for use in visualizing the urinary tract, the 
manner of administration being either directly 
into the kidney pelves or by intravenous injec- 
tion. 
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00 MUCH stress cannot be laid on the im- 

portance of processing room construction 

and technical procedures, whether it be for 
private practice or a large institution. It is realized 
that the quality of the end result depends en- 
tirely on the facilities and procedures used. 

No radiograph is complete until it has passed 
through the development process. Experience 
proves that even with the best radiographic 
equipment and accessories, radiographic technic 
can be made mediocre by faulty processing room 
service. Yet is is doubtful if ten per cent of film 
processing laboratories the world over are on a 
par with the rest of the x-ray department in 
point of facilities to handle the work. A surpris- 
ingly large number of x-ray laboratories could 
produce much better routine radiographs than 
they do. These laboratories are handicapped 
because the equipment in the processing room 
and the haphazard procedures used fail to justify 


the investment made in the radiographic ap- 
paratus. 

Many tools are used in the processing room. 
Each is discussed fully, and in a step-by-step 
procedure that brings the finished radiograph 
to its record file. 

Radiography begins and ends in the processing 
room. An adequate processing room, proper 
handling of the films, loading of the cassettes 
or exposure holders, and unloading the same 
preparatory to the developing and fixing of the 
radiographs are procedures just as important as 
correct positioning of the patient, correct ex- 
posure time, and correct centering of the film, 
patient, and tube. Manufacturers continue to de- 
vote a great deal of time and money to the 
study of processing room procedures, for it is a 
subject of primary importance to every x-ray lab- 
oratory. Due to this study, new and improved 
devices are constantly being developed to aid 
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provide a tough protective coat on the exterior 
surfaces of film processing tanks, tops of load- 
ing benches, and other wood or metal surfaces. 
A white paint may be used to advantage to in- 
crease the visibility of various objects in the 
processing room, that is, interiors of film driers, 
rims of master tanks and solution tanks, edges 
of shelves, loading benches, sinks, electric outlets, 
and tops of floating thermometers. 

A combination of both black and white 
paint may be used to form a checkerboard or 
other pattern on the top of the loading bench 
or other working surfaces. This will result in 
greater visibility, enabling one to more readily 
distinguish all objects lying on these working 
surfaces. 


Accessory Equipment 


The following equipment is necessary within 
the processing room: 
. Safelights 
. Storage shelves or cabinets 
. Loading bench 
. Hanger racks 
. Solution tanks 
. Water temperature control 
. Thermometer 
. Timer 
. Drying equipment 
. Pass box 
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Illumination 


Safelights cause a large percentage of process- 
ing room trouble. Fogging of the x-ray film is a 
phenomenon which the average operator may 
find difficult to trace to its source, that is, to 
determine whether it is caused by the safelight, 
x-ray, or chemical reaction. It is well to re- 
member that there is no such thing as a “safe- 
light” in the strict sense of the word. All safe- 
lights will fog sensitized emulsions by excessive 
exposure. Thus the problem of film exposure to 
light is an important one. 

In the final analysis, the maximum amount of 
light intensity or wattage that may be used in 
the safelight is determined by the following four 
factors: ' 

1. Location of safelight, i.e., safelight-film 

distance. 

2. Safelight filtration, or the quality of light 

allowed to pass through the light filter. 
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3. Speed of placing film in hanger. 

4. Speed of operation while observing stage 
of development and rinsing film, placing it 
into the hypo solution or fixer. 

Due to the fact that the above factors, with 
the exception of No. 2, are variable, because 
of the speed of the operator’s movements, there 
can be no set distance or intensity stated. One 
can find by experiment, however, what they 
should be under given conditions. A film should 
be processed, then the safelight intensity and 
the safelight-film distance varied until the fog 
is eliminated. Sufficiently fast movement should 
be followed in the procedures. It is important to 
have a safelight next to the developing tank 
that will allow the visualization of the entire 
surface of the larger film without danger of 
overexposure. It follows that the smaller the 
size of the illuminator, the greater is the risk 
of fog due to the fact that more time will be 
needed to check the entire surface area of larger 
film. 

Storage Facilities 


Storage shelves should be of such size as to 
allow the housing of all sizes of films, cassettes, 
and supplies. If a storage cabinet for films is 
used wherein the film package is uncovered, ex- 
posure and fogging of these films will result if the 
cabinet is accidentally opened in the lighted 
room. To avoid this, it is wise to have a master 
switch so placed that the light other than the 
safelight will be automatically turned off when 
the film cabinet door is opened. 


Loading Facilities 

The loading bench should be of a size which 
will allow the opening of film packages and 
loading of cassettes conveniently. If not wide 
enough, the film packages or cassettes may fall to 
the floor, ruining the films and possibly the cas- 
settes. The loading bench should always be kept 
clean as any form of contamination may not 
only ruin the film to a point where diagnosis 
is nil, but also damage the intensifying screens. 
When possible, it is suggested that a waste paper 
basket be placed below or at least near the load- 
ing bench so that the ordinary film packings and 
black paper surrounding each film may be dis- 
posed of immediately rather than allowing this 
material to take up space on the loading bench 
or to fall to the floor. 
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Film Hangers and Racks 


Hanger racks can be made of any material 
having sufficient strength to hold the hangers. 
Although wood is the most commonly used be- 
cause of its decorativeness, they should be made 
so that each rack will allow its hangers to hang 
parallel to each other and located convenient to 
the operator, usually under the loading bench. 

Film hangers are an important item in proc- 
essing procedure. They should be stored in a 
convenient position. They must be kept clean; 
this can best be accomplished while the films they 
hold are being washed. At this time water should 
be passed over them. If this procedure is not 
heeded, stain is apt to appear at the point 
of clip contact. If the flexible arms of the film 
hangers become so weak as to allow the film to 
bulge, film scratching or stains may result 





due to contact when in solutions and cause 
film spoilage due to adherence of the emulsion. 
Hangers in this condition can be repaired in 
most cases. However, if they have reached the 
point where it is impossible to repair them, they 
should be removed from the processing room. 


Tanks 


Tanks for developing, rinsing, fixing, and wash- 
ing should be of a size and capacity to meet any 
situation. They should be capable of maintaining 
temperatures and be durable, i.e., with minimum 
reaction to chemicals. Many tank combinations 
are available, the sizes and combinations depend- 
ing entirely on the amount of work in each in- 
dividual laboratory. In very busy laboratories it 
is usually found that additional tanks are re- 
quired for proper and sufficient washing, as the 








Fic. 180. Typical tank combination. 
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standard tanks are not sufficiently large to take 
care of the developing and fixing process, and still 
have sufficient room for washing. Insufficient wash 
space results in slowing down the processing rate 
since films cannot be processed until there is 
space in the wash compartment to accommodate 
them. 


Water Temperature Control 


Many developing difficulties are encountered 
in hot weather. This problem has been par- 
tially answered by the use of insulated developing 
tanks and artificial refrigeration. Complete units, 
including insulated developing and wash com- 
partments, and refrigerating generators, are now 
available in many sizes and styles for process- 
ing room use (see Figure 180). 

In hot weather, ice may be used to control 


the temperature of the developing solution. The 
ice should be placed in the wash compartment 
surrounding the developer and hypo containers, 
but must never be placed in the solutions, as 
this will dilute them and affect their strength 
and efficiency. 

In the winter, it is sometimes necessary to 
heat the solutions or to bring them up to proper 
working temperatures. Warm water in the wash 
compartment surrounding the solution tanks is 
usually used for this purpose. 

Care should be exercised that the water tem- 
perature is not sufficiently high to affect tanks 
constructed of material other than steel because 
of the possibility of bulging. Ordinary electric 
water heating units used directly in the solutions 
are very satisfactory for this purpose, provided 
the solutions are stirred constantly while the 





Fic. 181. Thermostatic valve. 
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heater is in operation. If this is not done, the 
excessive heat immediately surrounding the heat- 
ing elements will cause the solution to oxidize 
more rapidly. Inexpensive wooden paddles may 
be purchased or made for the purpose of stirring 
the solutions. A thermostatic control valve con- 
nected into the plumbing system supplying the 
processing room will in most cases solve the 
problem of maintaining temperatures (see Figure 
181). This type is known as the bi-metal thermo- 
static valve, and has a reasonable degree of ac- 
curacy, maintaining temperatures to within plus 
or minus 7 degrees. However, where water pres- 
sures are apt to vary and where hot and cold 
water supplies are inadequate or subject to 
change, an automatic water temperature blender 
may be necessary, as shown in Figure 182. This 





Fic. 182. Automatic temperature blender. 


type of regulator controls the temperature of 
the water supply to the processing room tanks 
to within plus or minus 4 degree F. regardless 
of any change in water pressure in the plumbing 
system. 

Many films are improperly washed after they 
have been processed. Where there is a good 
supply of fresh running water, films should be 


allowed to remain in this water for at least 15 
minutes before they are dried. This will allow 
sufficient time for the fresh water to thoroughly 
rinse the soluble chemicals from the film emul- 
sion, thus eliminating cloudiness, stains, and the 
frost-covered film so often seen, 

Where running water is not available, or in 
cases where the running water is too warm, films 
should be washed at least thirty minutes with a 
change of water at regular intervals, depending 
on the number of immersed films. 

In localities where the water supply is ab- 
normally warm, a stop bath is recommended to 
be used between the developer and the hypo. 
Such a bath may be prepared by using chrome 
alum, one pound to one gallon of water, and 
approximately 4 cubic centimeters of concen- 
trated sulphuric acid. The films should be re- 
moved from the developing solution, rinsed vig- 
orously and placed into this stop bath for a 
period of two to three minutes prior to placing 
them in the hypo bath. If this procedure is fol- 
lowed, it will be possible to wash the film in 
water of higher temperatures, as the hardening 
action of the stop bath on the emulsion will pre- 
vent its running or slipping in moderately warm 
water or hypo. 

Too few films come out the processing room 
without scratches. These abrasions may be 
caused by careless handling or by crowding the 
films in the developing and fixing compartments. 
With the ordinary five-gallon solution compart- 
ment or tank, it is difficult to develop or fix more 
than four 14 by 17 films at one time without 
scratching. In exceeding this number, not only 
does it increase the risk of scratching the films, 
but also the danger of ruining every pair in which 
the emulsions adhere to one another. 


Thermometer 


The processing room thermometer should be 
large enough so that its calibration can be read 
with accuracy. It is important that it be weighted 
to prevent floating on the surface of the solutions 
as surface temperatures are not indicative of true 
temperature values. The thermometer should not 
be housed in wood for this not only causes error 
in readings but also because it absorbs the solu- 
tions and transmits them from one tank to an- 
other. Over a period of time this would cause 
contamination of the solutions. To avoid film 
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scratches, this thermometer should not be al- 
lowed to come in contact with the films. 


Timer 

A reliable timer is an indispensable item for 
accurately timing the intervals or steps required 
in film processing. It should be sturdy and ac- 
curate with a range sufficient to allow the maxi- 
mum developing time and a means of signalling 
when this interval is concluded. Electrical interval 
timers are recommended for those laboratories 
processing a great number of films each day, as 
these timers are so arranged that when the cur- 
rent is turned off at the alarm, the timer auto- 
matically resets itself to a predetermined set- 
ting. 


Drying Equipment 

Film drying equipment is usually of the open 
rack type and located most conveniently for 
processing room procedures, or it may be of the 
forced draft type wherein the films are placed in 
a separate enclosed compartment and dried by 
heated air forced down over them. In either case, 
wet films must not be placed above films which 
have started to dry as this will cause spotting of 
the lower films. As mentioned before, forced 
draft film driers, when placed in the processing 
room, may be used as a means of ventilating this 
room. 


Pass Box 


In most laboratories a pass box is not only a 
convenience but a necessity, particularly in those 
laboratories where the darkroom entrance is some 
distance from the x-ray equipment, or where and 
when it is necessary to make a series of exposures. 
In many cases a pass box, particularly in a small 
laboratory, will eliminate the necessity for a 
lead-lined protective box. 

Pass boxes are usually mounted in the wall to 
permit transfer of loaded cassettes and other ma- 
terials from the film processing room to the out- 
side and vice versa, without leakage of light into 
the processing room. Thus the work proceeds 
without interruption. These boxes usually have 
two separate compartments, one marked “IN” 
and the other marked “OUT,” lined with sheet 
lead for x-ray protection and with a corrugated 
bottom to facilitate the passage of cassettes. The 
doors, both on the outside and inside of these pass 
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boxes, are automatically interlocked to exclude 
light from the processing room. That is, when a 
door outside the processing room is open, the op- 
posite door, or the one inside the processing 
room, and on the same side of the pass box auto- 
matically locks, thereby preventing white light 
from entering the processing room, Figure 183. 





Fic. 183. Pass box. 


There are many other accessories to facilitate 
handling and general procedure of film process- 
ing. A film corner cutter will quickly and uni- 
formly round the corners of the radiographs so 
that they may be filed easily. Protective dark- 
room aprons will prevent soiling the clothing due 
to splashing of liquid chemicals; a tank cleaning 
brush and suitable wooden paddles are almost a 
necessity, as it is important that the tanks be thor- 
oughly cleaned when chemicals are replaced and 
a special brush designed for this purpose makes 
this cleaning job a simple matter. The wooden 
paddles can be and should be used to stir solu- 
tions daily, due to different temperature layers 
that might exist in the developing solution and to 
the natural settling of the various chemicals 
which compose a developing solution. When it is 
impractical to have a drier in the processing 
room or to make necessary air vent connections 
for ventilation, small and practical motor- 
operated ventilators are available. Their installa- 
tion is relatively simple. Properly ventilated 
processing rooms make the operators’ work easier 
and more comfortable. 
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Fic. 184. Typical processing room layout. 


Figure 184 shows a typical processing room 
installation utilizing a space 11 feet 6 inches by 
8 feet O inches. It will be noted that this proc- 
essing room requires a relatively small space, and 
with a small additional space a light-excluding 
maze could be constructed for practical and con- 
venient operation. This installation is divided 
into two areas: the dry side and the wet side. 
This division of working areas tends to minimize 
danger to films and intensifying screens when 
loading and unloading as there is ordinarily little 
likelihood of moisture getting from the wet side 
of the room over to the dry side. 

Recently improved formulae have been made 
in film-processing chemicals. These are of the so- 
called “speed” types. The developer, some of 
which is furnished in powder form and others 
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which are liquid concentrates, allows for a shorter 
developing time and, in most cases, has a longer 
working life than the so-called “standard” chemi- 
cals. Figure 185 represents the time curve for 
these speed developers as compared to regular de- 
veloper. Figure 186 is a chart showing the num- 
ber of films that may be processed in these speed 
developers and the relative time change in de- 
velopment as the chemicals age. Figure 185, 
Curve A, shows processing times using reduced 
voltage and longer development with speed de- 
velopers. 

The speed hypos are faster in action than the 
standard types and apparently have a much 
longer useful life, Figure 187. 

All developer and hypo as used in the x-ray 
processing room will stain clothing. Stains caused 
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Fic. 185. Time curves, speed and regular developer. 


by developer may be removed by the usual 
laundering process or by soaking in a weak solu- 
tion of Linco or Clorox. Any stains remaining 
after laundering are nearly always caused by the 
fixer solution or other chemicals. Stains caused by 
the speed fixers become more and more pro- 
nounced as the fixer is used. This is due to the 
fact that it is metallic silver that is causing the 
stain, and the staining action is increased as 
more and more silver is removed from the un- 
exposed parts of the x-ray film and transferred 
into the hypo solution. These stains may not be- 
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come evident before the clothing has been laun- 
dered, but if any are present the usual laundering 
process will only make them worse. These stains 
are brown in color and usually have a sharply- 
defined border that is darker than the central 
area of the stain. Stains are easily avoidable, and 
while they can usually be removed without much 
difficulty, it is nevertheless easier to prevent them 
than it is to remove them: It is therefore desir- 
able to wear an apron while processing the films, 
and since many fixer stains probably occur 
through careless handling of wet films, it is also 
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Fic. 187. Life curves of speed fixer. 


highly desirable that films when removed from 
the fixer be thoroughly rinsed before being 
viewed. 

Hypo stains on linen or cotton clothing can 
usually be removed with a 7 per cent tincture 
of iodine solution followed by the application 
of a saturated solution of sodium thiosulphate 
(ordinary hypo). 

These two chemicals are readily obtainable in 
most localities. To remove fixer stains, first 
slightly dampen the stained areas. Unlaundered 
clothing should be thoroughly rinsed in clear 
water to remove dried fixer from the cloth and 
should be wrung out almost dry. Then apply a 
drop of iodine to each stain so that the stain is 
completely covered by the iodine. Use a piece of 
heavy paper to prevent iodine from soaking 
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through the garment on to the table top or on to 
unstained areas of the clothing under those being 
treated. Allow the iodine to set a few minutes on 
the stain until it turns very dark and completely 
conceals the fixer stain. 

Next apply a few drops of the saturated hypo 
solution to the iodine stain. In a few minutes the 
iodine stain and the fixer stains will have disap- 
peared. Should any stains remain, repeat the 
treatment after first thoroughly rinsing the hypo 
from the garment with clear water, but this 
time allow the iodine to set about ten minutes 
on the stain before applying the hypo solution. 

When numerous fixer stains are present, time 
can be saved by soaking the entire garment in a 
pail half full of hypo solution to remove the 
iodine. After concluding the treatment, rinse thor- 
oughly in clear cool water. 

Failure of this method to remove all stains 
is usually a definite indication that those stains 
still present are not caused by the fixing solu- 
tion. 


Loading of Films 


Definite procedures apply to the opening of a 
film box which must be observed to avoid desensi- 
tized areas on the film and the resulting “crescent”’ 
marks, due to careless handling. Without remov- 
ing the films from the box, the corrugated paper 
is first removed, then the red and black outer 
paper, by pulling their respective flaps. The front 
cardboard should then be placed midway in the 
packet so that it will act as a stiffener and 
eliminate warping. 

When removing a film for loading cardboard 
holders, the black paper which encloses the film 
should not be removed, but placed with the film 
in the holder. This minimizes the possibility of 
fogging the film if the cardboard holder is not 
light-proof. When loading a cassette, however, 
the operator must be sure to let the paper fall 
away from the film. This is accomplished by tak- 
ing the film out with the right hand, separating 
the film from the paper with the left hand, yet 
holding both until the film has turned 180 de- 
grees. The paper should then be allowed to fall 
away from the film, thus minimizing friction 
and static. If there is difficulty in replacing the 
cover on the film carton, the sides should be 
pressed inward; this releases the air and allows 
the cover to fall into place. 
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Developing and Fixing 


The developing and fixing solutions, unless 
used at par strength and according to prescribed 
time and temperature, are possible causes of more 
darkroom trouble than any other factors. Before 
discussing the reactions caused by old and stale 
chemicals, improper temperatures, contamina- 
tion, etc., the following résumé is given of what 
actually takes place in these chemicals when a 
film is processed. 

When an x-ray film is exposed to x-rays, the 
arrangement of the silver salts in the emulsion is 
changed, and instantly a chemical transformation 
in the emulsion takes place. 

The stream of x-rays striking the silver crystals 
shatters these crystals, the amount of these rays 
governing the depth of the disturbance. Were 
it possible to examine one of these silver crystals 
as it is exposed to x-rays, we would see that it is 
broken up, and that the force generated by this 
shattering has partially broken each of the many 
crystals surrounding it. As an analogy, let us 
consider the bowling alley. When the head pin 
is struck by the rolling ball, it will fall, knocking 
over its neighbors until its force is spent. The 
angle of impact determines the number of pins 
downed. A beam of x-ray entering the film emul- 
sion at an angle may strike a crystal on its edge. 
As little resistance is offered here, the beam con- 
tinues through other crystals until its force is 
spent. A path of destruction has been left along 
the line of direction taken by the beam. The ex- 
tent of disturbance of the crystal structure will 
be apparent when the effect of the developing 
chemicals is described. 

The nature of the chemical change is not defi- 
nitely known. However, it is apparent that a re- 
duction of the silver salts to metallic silver is 
started by the x-ray exposures. A complete re- 
duction is necessary and is brought about chemi- 
cally by the developing bath. 


The Developing Process 


Chemicals which have the power to reduce 
silver salts to metallic silver must be used. Only 
a few of the many reducing agents are delicate 
enough and controllable enough to be used with 
x-ray films. Hydroquinone and metol are the 
most common reducers or developing agents in 
use today. It has been found that in x-ray de- 
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veloper both of these agents are indicated. Al- 
though either will act alone, they have certain 
characteristics unfavorable to x-ray emulsion un- 
less they are used in combination. 

Metol as the only reducing agent in a develop- 
ing bath would produce very soft warm blacks in 
the negative, while hydroquinone alone would 
produce cold tones and harsh contrast. From 
this may be seen that if either is used alone, 
the fine middle tones so important in x-ray nega- 
tives would not be obtained. However, a com- 
bination of these two agents produces the dif- 
ferent steps or gradations between the soft and 
contrasting tones, bringing out the best in 
each, 

To obtain the correct tone scale in a radio- 
graph, it is found that more hydroquinone than 
metol is needed; other ingredients must also be 
entered to prevent the hydroquinone from de- 
stroying the warm soft tones produced by metol. 
Potassium bromide is used for the purpose, as it 
has excellent restraining action on the hydro- 
quinone. 

Reducing agents combine readily with oxygen, 
causing oxidation. This would weaken the reduc- 
ers rapidly and shorten their period of usefulness 
if another chemical acting as a preservative were 
not added. Sodium sulphite has the property of 
absorbing oxygen and is used in the developing 
bath to protect the reducers and prolong the life 
of this bath. Sodium sulphite plays no active 
part in the developing process, acting merely 
as a preservative. 

Hydroquinone and metol inherently travel and 
act at express train speeds, and must reach the 
most remote sections of the film to work on the 
x-ray exposed silver salts. Like the express train, 
however, they must have a track and this is 
provided by sodium carbonate. This alkali has 
the property of preparing the right of way for 
its quick acting chemical companion. Its action 
is that of swelling the gelatine in which the silver 
salts are suspended, so that the reducing agents 
may reach and act on the exposed silver salts 
with a minimum loss of time. The amount of 
sodium carbonate in a developing bath controls 
the speed of the developer. 

An exposed film is placed in the developing 
solution and the chemicals at work are observed. 
Some of these observations can be assumed as 
being made with the aid of a microscope. 


The film in the hanger is slowly lowered in the 
developing solution and many small air bubbles 
clinging to the surface of the film are noticed. 
These bubbles keep the chemicals away from 
the emulsion, but by quickly raising and lower- 
ing the film a few times, the bubbles are brushed 
off and rise to the surface of the developing 
bath. 

When coming in contact with the film surface 
the sodium carbonate starts to swell the gelatine, 
enlarging the pores and laying a track for the 
reducers. Several seconds pass before a change 
in the gelatine is seen. This interval is known 
as a latent period. Then it is noticed that the 
gelatine is gradually changing in appearance. 
The film surface is no longer smooth and even, 
but irregular, covered with innumerable small 
round domes, and there are tiny holes in the 
valleys made by these raised sections. Into these 
holes the chemicals enter as the alkali breaks 
down the wall of gelatine around the objective, 
the exposed silver salts. The reducing agent at- 
tacks the partially reduced salts. 

The breaking or shattering of the x-ray ex- 
posed silver salts has been explained. If these 
salts had not been broken up, the developing 
action would be lengthened, as it would be nec- 
essary for the reducers to do all of their work 
from the outside of the film. However, as each 
small bit of exposed crystal is fractured, the 
reducers work rapidly from both inside and out- 
side each crystal. 

The life of the reducers is short, and is com- 
parable with the human blood stream, in which 
the white corpuscles are destroyed while fighting 
foreign invaders and are carried away from 
the scene of action by the blood stream which 
also brings fresh agents to the front. The reducing 
chemicals in the developing process are de- 
stroyed as they do their work and are washed 
away by the solution, allowing fresh forces to com- 
plete the reduction. 

The temperature of the developing bath con- 
trols the time of development. As the tempera- 
ture is raised, the alkali works faster; as the tem- 
perature is lowered, it is retarded. 

Three factors control the life of a developing 
bath, viz., its temperature, age, and the amount 
of work it has done. Developer may become ex- 
hausted from too much exposure to light and air. 
When not in use a cover should be placed over the 
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developer compartment of the tank. It is recom- 
mended that reserve developer be kept in dark, 
stoppered bottles filled to the cork. 

As films are removed from the developing 
solution, a measurable amount is carried into 
the rinse water. This loss of developer must be 
replaced so that the proper solution level is main- 
tained. Generally fresh developer is added to ac- 
complish this, but adding fresh developer actu- 
ally accomplishes only one thing and that is 
proper maintenance of solution level. 

More recently special refresher and replenisher 
solutions are used not only to maintain proper 
solution level in the tank, but to materially add 
to its useful life. In addition, such refreshers 
and replenishers, when added according to manu- 
facturer’s directions, aid in maintaining the origi- 
nal strength of the developing solution so that 
wide variations in developing time are entirely 
unnecessary in spite of greatly increased use 
or age. The use of such solutions will aid mate- 
tially in maintaining radiographic quality. 

The developing of the film is but the first step 
in the process of preparing it for viewing. The 
work done by the reducing agent must be pre- 
served, and this stage of the processing will now be 
described in detail. 


The Fixing Process 


In somewhat the same manner, the various 
chemicals used in a fixing bath or hypo will be 
discussed, giving the reasons for their selection 
and explaining their actions on x-ray emul- 
sion. 

A hypo solution must do two things to the 
emulsion. First, it must stop development and 
must free the emulsion from all unexposed or 
unreduced silver salts. Second, it must preserve 
or tan the emulsion to prevent deterioration. The 
greater percentage of an emulsion is gelatine and, 
being animal matter, it will decompose and de- 
teriorate if not properly treated. 

One of the two active chemicals is sodium 
thiosulphate, commonly called hyposulphite or 
“hypo.” This chemical is a solvent for the unre- 
duced silver salt in the emulsion, and when fresh 
and at par strength its action is rapid. This chemi- 
cal enters the emulsion of the film and dissolves 
the unreduced silver salts. 

The second active chemical is alum. This is a 
tanning agent, and acts the same on gelatine 


as formaldehyde or tannic acid does on green 
leather. This chemical preserves the gelatine on 
the film, making it a permanent record. The hard- 
ening action of alum on the gelatine protects the 
emulsion, to a certain extent, from heat and 
scratches after the film has dried. 

There are three other chemical agents also 
used in a hypo solution. First the acidifier, usu- 
ally sodium bi-sulphite or sulphuric acid. This 
acidifier counteracts the alkali brought into the 
hypo bath when the film is transferred from the 
developing solution. Its action is to stop develop- 
ment. Upon removing the film from the develop- 
ing solution, the greater part of the soluble mate- 
rial clinging to the gelatine will be washed away 
by a liberal rinsing in water. However, some 
of the reducing agents remain in the emulsion, — 
and these are neutralized by the acidifier in the 
hypo solution. 

Sodium sulphite is used in the fixing solution 
for the same purpose as it is used in the de- 
veloping solution. It has no active part in fixing 
a film and acts only as a preservative, i.e., 
lengthening the life of the solution. 

In some dry hypo preparations chromic acid is 
combined with the alum and is known as chrome 
alum. While chromic acid to a certain extent sup- 
plements the acidifier (sodium bisulphite), its 
main purpose is to make the hypo solution 
opaque to white light. Although the unreduced 
silver salts remaining in the gelatine after de- 
velopment are by no means as sensitive as they 
were before development, they nevertheless must 
be protected from white light, until the unexposed 
or unreduced silver has been removed from the 
gelatine. With a chrome alum type of hypo, white 
light may be turned on in the darkroom imme- 
diately after the films have been placed into the 
fixing solution, without danger of fogging the un- 
exposed silver salts. 

When a film is removed from the developing 
solution, the gelatine is like a sponge saturated 
with a solution of all the soluble materials which 
the developer holds. These last include the un- 
oxidized reducers, the sodium sulphite, sodium 
bromide, and sodium iodide, and the oxidation 
products of that portion of the developing agent 
exhausted in the process, some of which may 
possess the character of dye. When a fully de- 
veloped film is placed in a hypo solution, 
the acidifier in this solution immediately begins 
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to counteract the alkali carried over from the 
developing tank and stops further development. 
As the gelatine is already swollen by the sodium 
carbonate in the developing solution, the many 
entrances to the silver salts are opened to per- 
mit the sodium hyposulphate to enter the emul- 
sion and dissolve the undissolved silver salts. 

While this action is going on, the alum is work- 
ing on the gelatine, curing or tanning it, making 
it tough enough to withstand a_ reasonable 
amount of heat and ordinary handling. While the 
sodium sulphite is carried along with these 
chemicals, it has no action on the film or the 
emulsion itself, merely checking the exhaustion 
of the active chemicals. 

The question of how long a film should be fixed 
is often brought up. A safe rule is to fix twice 
as long as it takes the unreduced silver (seen as 
a yellow creamy substance) to disappear from 
the film. 

As the hypo solution ages it will slow down, 
until finally it reaches a point where the acid 
in the solution has become exhausted. Before it 
reaches this point, the quality of the radiographs 
will be affected. As the acid in the solution be- 
comes weakened, the reducers in the gelatine, as 
carried over into the hypo solution from the de- 
veloper, will continue their work. In experiments, 
it has been found that unless these reducers are 
stopped within a short time after the film is 
placed into a hypo bath, they will cause film 
stain. These stains, due to the insolubility of 
the silver salts, remain in the film and affect 
the quality of the radiographs. 


Life of Developing Solution 


The developing solution may become ex- 
hausted from age rather than use. However, it is 
simple to determine the efficiency of the solu- 
tion by checking the quality of radiographs de- 
veloped in it. The first sign of age in a de- 
veloping solution is discoloration; it will gradu- 
ally turn yellow and continue to dark brown. De- 
veloper in such a condition may produce stains 
and fog, and obliterate the contrast that might 
otherwise have appeared on the film. 


Life of Fixing Solution 


Hypo does not deteriorate rapidly unless films 
are processed through it. The length of time re- 
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quired to completely fix a film is a reliable check 
on the strength of the hypo bath. When it re- 
quires more than four times as long to fix a film 
as when the hypo was new, and at the same tem- 
perature, it should be replaced. 


Preparation of Solutions 


When mixing new solutions, it is important 
that the tanks be thoroughly scrubbed. If this 
is not done, some of the old chemicals will be 
mixed in with the fresh, and the process of oxida- 
tion will be set up at once, shortening the life 
of the new chemicals. 

Always follow the directions written on the 
label of the developer or hypo container when 
mixing these chemicals. However, in cases of 
emergency, where it is necessary that the chemi- 
cals be prepared as quickly as possible, it has been 
found that the chemicals or powders may be 
dissolved in hot water (100 degrees F), using the 
tank or solution compartment for the mixing and 
then filling the tank with cracked ice instead 
of additional water. This ice will melt rapidly, 
cooling the solution to working temperatures, 
without ill effect on the chemicals or on the 
film. 


Processing Room TROUBLE CHART 


Condition Cause 
Gray films 1. Under-developed 
2. Old developer 
. Developer weakened 
by dilution 
. Safelight fog 
. Developer too cold 
. Developer too hot 


Ww 


anu > 


Stains se: 
: . Improper rinsing 


. Improper washing 

. Developer exhausted 

. Developer contami- 
nated 

5. Hypo exhausted 


Streaks 1 


wh 


. Developer not mixed 
completely 
2. Under-developed 
3. Dirty hanger clips 
Static marks Rough handling of un- 
der-developed films 


and/or cassettes 
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Condition 
Crescent marks 


Frost-like appearance 


Corner marks 


Blank or opaque areas 


Reticulation 


Light spots 


Cause 
Bending films while 
loading or unloading be- 
fore development 


Incomplete washing af- 
ter fixing 


1. Wet or dirty fingers 
2. Dirty hanger clips 


1. Films sticking to each 
other or to side of de- 
veloping tank 

2. Films sticking to each 
other or to side of 
hypo tank 


Too great a difference in 
temperature of devel- 
oper and wash water, de- 
veloper and hypo, or 
hypo and wash water 


Fixer or water on film 
before development 


Condition 
Dark spots 


White spots 


Lack of contrast 


Finger prints 
a. White 


b. Black 


Multiple white specks 


Cause 
Dust, liquid, or pow- 
dered developer on film 
before development 


1. Bubbles clinging to 
emulsion surface dur- 
ing development 

2. Dry hypo on wet film 
while drying 


1. Under-developed 
. Cold developer 
. Exhausted developer 


Wr 


Hypo on fingers while 
handling dry, under-de- 
veloped film 


Developer on _ fingers 
while handling dry, un- 
der-developed film 


1. Dirty screens 
2. Barium on cassettes, 
sheets, or table top. 


Se 
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CHAPTER IX 





Stereoscopy 


N RADIOGRAPHIC examinations, which may or 
may not include the various obliques and 
semi-laterals, there will often be parts of the 

anatomy that do not show to the best advan- 
tage. This is particularly true of skull, chest, 
and pelvic areas. As these regions are of con- 
siderable depth, the single, or so-called “flat” 
film does not permit the best conception of depth, 
nor does it reveal the relation of underlying 
structures. When such a problem exists, there is 
one device to which one may resort that will posi- 
tively differentiate this depth of the object— 
stereoscopy. However, to achieve depth by the 
use of films requires the presence of optical 
illusion. 

It is most interesting to observe that most per- 
sons possess, to a greater or lesser degree, monocu- 
lar depth perception. To demonstrate this, one 
needs but cover one eye and look steadily at a 
photograph in a magazine or newspaper (not a 
sketch) or the motion picture screen, and there re- 
sults a striking sensation of depth. Unfortunately 
this is radiographically impossible because, in the 
former case, the object is an image by virtue of 
reflected light and, in the latter, by virtue of 
transmitted energy. Thus, we must employ binoc- 
ular vision for radiographic depth perception. 

The unaided eyes determine depth according 
to two theories. One, by coordinated muscular 
activity of constantly changing the convergence 
of the axes of the eyes and accommodation, as 
one will focus on nearer and more removed objects. 
This is mentally interpreted, tempered by experi- 
ence, as depth perspective with reference to the 
eyes. The other, when viewing an object, two 
slightly dissimilar retinal images are formed but 
the mind fuses them into one “mental” image. 
When two really dissimilar images are fused in 
this manner it is obvious that there cannot exist 
a mathematical coincidence. The resultant ap- 


pearance of the third dimension is a true illusion. - 
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Common to both theories is the matter of di- 
plopia (double images). One need only point 
a finger to any object. Then, looking at the 
finger, one perceives two objects (homonymous) ; 
or, looking at the object two fingers (heterony- 
mous). This is a very important observation and 
is the basis of the stereoscope, to which reference 
is made as “cross-eyed accommodation.” 

As the eyes are presented with slightly dissimi- 
lar perspectives, so may photographic and radio- 
graphic exposures be made, accounting for the 
interpupillary distance to give depth when view- 
ing the films. For these exposures the tube is 
shifted from normal centering. The first film 
is made with the tube on one side of center 
and the second is made with the tube displaced 
from the other side of center by the same amount. 

The plan of a simple box stereoscope with 
neither the familiar lenses nor mirrors is shown 
in Figure 188. This could be used for radiographs 
so taken with only two side-by-side illuminators, 





FILM | FILM 2 
FUSED IMAGE 
LEFT RIGHT 
EYE EYE 


Fic. 188. Plan of box stereoscope. 
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in which each eye sees only one image and 
the fused resultant will have a virtual image at a 
slightly different eye-film distance from the origi- 
nal. Many individuals can accomplish this sim- 
ply by crossing the eyes and allowing the two 
double images to fuse into a common one between 
the original two. This requires cross-eyed accom- 
modation and, if used for any length of time, 
does produce eye strain. Relaxed accommodation 
is brought about by lenses and/or mirrors. 
The Brewster stereoscope utilizes two lenses 
so each eye may see its proper film. Figure 189 


FUSED IMAGE 


WSs Rss>> 5 





LEFT {RIGHT 
EYE EVE 


Fic. 189. Brewster lens stereoscope. 


shows how the result is obtained by using the two 
halves of a planoconvex lens placed symmetri- 
cally in front of eyes as base-out prisms. The 
result is a magnified image due to the action of 
the prismatic lenses. (This is not to be confused 
with the ortho-stereoscope which is used in con- 
junction with the 4 by 10 films taken in minia- 
ture for examination of the chest stereoscopi- 
cally. This instrument employs reflection only, 
not refraction.) 

The Wheatstone stereoscope utilizes two mir- 
rors so each eye may again see its proper film. 
Figure 190 shows how the result is obtained by 
using two front-surfaced mirrors at 90 degrees, 
bilaterally disposed in front of the eyes. The 
result is a fused image appearing directly be- 











LEFT 
EYE 


RIGHT 
rie EYE sn 


Fic. 190. Wheatstone mirror stereoscope. 


hind the mirrors. In this case, because of a right- 
left reversal in looking into a plane mirror, the 
films must be axially reversed (turned over, not 
interchanged) in order to have the correct depth 
perspective. 

One great advantage of the mirror type stereo- 
scope (front surface mirrors particularly) is that 
the images in the mirrors are practically per- 
fect, whereas the lens-images may be more or 
less faulty. (Physiological Optics, Jas. P. C. 
Southall, Oxford University Press, 1927.) 

In the complete stereo-radiographic procedure 
there must be two films with slight, but similar, 
differences in their projections. 

The tube is first aligned with the object and 
film, with the object or part centered to the film. 
It is very important that the film centers be co- 
incident for these two exposures. 

As previously mentioned, the tube is shifted to 
either side of center for these exposures, the 
amount of shift being a function of many things. 
The shift of the tube is to replace the two eyes 
from the standpoint of “looking” at the sub- 
ject. If the shift is too small, there is but little 
departure from two “flat” films, the result giv- 
ing extremely shallow depth; but, eyestrain 
is negligible and the images fuse with amazing 
ease. An extreme shift is really worse because 
then the dissimilarity of retinal images is too 
great and, as a result, they do not fuse because 
they represent two totally different projections. 
Figure 191A shows the normal projection of a 
solid (cube). Figure 191B represents a moderate 
monolateral shift and Figure 191C represents 
an extreme monolateral shift. Thus it is seen 
that, if the shift is too great, there results a 
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Fic. 191A. Normal Projection. 


reversed order on one side. Under these last con- 
ditions stereoscopic vision is impossible because, 
effectively, one eye is seeing one side and the 
other eye is seeing the opposite side. Fusion of 
these two images is humanly impossible. 

Figure 192 shows how Figure 191B appears as 
seen from above and indicates the equal dis- 
similarity of the bilateral projections; which, by 
crossed eyes brings out the true appearance of 
a solid, larger on the near surface and smaller 
at the distant surface. 

The amount of tube shift is basically deter- 
mined by the focal-film distance because of the 
difference in convergence of vision at different 





Fic. 191B. Small shift. 





Fic. 191C. Great shift. 


distances. Various authorities state that the shift 
should be everything from 2% inches regardless, 
to a ratio of shift to focal-film distance of 1:9. 
A general statement cannot be correct because 
the shift ratio varies with distance. The old con- 
ception of a 25-inch usual viewing distance and 
an average interpupillary distance of 214 inches 
(2% inches tube shift) is reasonably correct. 
However, at say 30-inch focal-film distance, a 


| 

| 

| 

| 
Pata, ere ss 


Fic. 192. Equally dissimilar pair, stereo. 


total shift of 3 inches is found to produce some 
exaggeration of depth. If one exceeds this 1:10 
ratio, resolved stereoscopy is difficult, if not 
impossible. A 1:9 shift, or greater, brings about 
that as depicted in illustration 191C in which one 
particular region or section will be found to 
stereo, but then all other regions suffer from 
doubling of image. For usual tube-table top dis- 
tances, it has been found that a 1:15 ratio of tube 
shift will produce a more accurate perspective 
of the actual depth of the subject. Another de- 
sirable advantage is that 1:15 requires far less 





150 


MEDICAL RADIOGRAPHIC TECHNIC 


optical accommodation than 1:10 or 1:9. This 
greatly diminishes eye strain when viewing many 
pairs of films. However, with distances in the or- 
der of 6 feet, 1:10 is used lest the result be too 
shallow due to the increased focal-object dis- 
tance. 

Also to be considered is the average, or mean, 
object-film distance with respect to the focal- 
film distance. As this ratio becomes smaller (a 
36-inch chest compared to a 72-inch chest), the 
ratio of shift is accordingly increased; that is, 
the tube shift is reduced more than in propor- 
tion to a reduction in focal-film distance. Under 
no conditions should the shift exceed the mean 
diameter of the object; extremities, etc., in order 
not to create the condition as seen in 191C above. 
Of importance, too, is the distance from the lens 
or mirrors to the illuminators. As this distance 
is decreased, likewise the tube shift is also de- 
creased. 

All of the foregoing has contributed to a 
rather complex formula. For the sake of sim- 
plicity, it is illustrated in tabular form as seen 
in Figure 193, There are few occasions where 


Focal-Film Total — 

Distance Shift Ratio 
25 1-5/8 1:16 
30” 2 1:15 
36” 2-5/8 1:14 
40” 3-1/4 1:13 
48” 4 1:12 
60” 5-1/2 1:11 
72” 7-1/4 1:10 

2 meters 8 1:10 


Based on 28” between illuminators and mirrors 


or lenses. 
Fic. 193. Tube shifts. 


the mirror-box distance will be less than 28 
inches. A decreased tube shift to maintain sharp- 
ness of projection and a decreased mirror-box 
distance to regain depth is rarely employed. It 
will be observed that most radiologists using 
stereoscopes with adjustable illuminators will 
have them out as far as they will go which, 
incidentally, makes for easier convergent accom- 
modation. 

For best visualization of superimposed struc- 
tures, it is best to utilize a tube shift across 
the linear markings of the anatomy; viz., chest, 


up and down; extremities, crosswise; clavicle, up 
and down; skull either way—usually crosswise 
so the films will be erect in the view boxes. 
Joint surfaces and spine exposures should be 
made using up and down tube shifts. 

Some operators complain of grid lines and un- 
equal densities when employing a crosswise 
shift with the bucky diaphragm. This is usually 
corrected by “radiographically centering” the 
grid. In other words, the bucky adjustments 
should be such that the center of the grid is in 
the center of the table at the midpoint of the 
actual x-ray exposures. The presence or absence 
of this may be readily checked by attaching a 
lead letter to the underside of the grid center 
and another on the table-top center. The result 
of a light exposure with a film in the bucky tray 
should show the bucky letter’s striations equally 
disposed on either side of center. Occasionally 
a cone or cylinder is used in stereoscopic pro- 
cedures. In such instances the tube is to be so 
tilted as to direct the central ray to the center 
of the film in both cases. If one neglects to do 
this when using a small cone, it is possible to 
include two entirely different areas. Thus, the 
smaller the cone, the more accurate must be the 
alignment of tube, object, and film. 

It is necessary to have screens of equal “speed” 
to insure equal densities, If not, a known correc- 
tion should be applied to the slower one. Like- 
wise the pair of films should be carried through 
the entire processing routine simultaneously, al- 
ways handling both films together. 

The film identification marker, if possible, 
should be placed on or attached to the table top 
or the top of the cassette tunnel. Thus it will 
bear identical space relations to the body, re- 
gardless of tube position and placing of the sec- 
ond film. This will also serve as a check indi- 
cating whether the films are placed correctly in 
the stereoscope or not. As seen correctly, the 
marker should always be on the far side of the 
subject. Some diagnosticians will place a lead 
letter on the upper portion of the area in ques- 
tion for a stereoscopic reference. This, of course, 
should then appear on the near side. 

The proper way to place the stereoscopic films 
in the stereoscope is as follows: 

Place the films side by side with the exposed 
side toward you; that is, place yourself in the 
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position that was occupied by the tube during the 
exposure. 

Superimpose the films and reverse them; that 
is, with the exposed sides away from you. 

If the tube shift has been made up and down 
the films, place the left hand at the top of the 
films, and the right hand holding the films at the 
bottom. It will be at once apparent that the 
shadow image on one of the films is nearer the 
bottom than on the other film. That is, the 
shadow image on one of the films will be nearer 
the right hand, and on the other film nearer the 
top, or the left hand. 

The film with the image nearest the right hand 
is then placed in the right hand box with the end 
in your right hand forward or toward you. The 
film with the image nearest the top, or your left 
hand, is placed in the left hand box with the end 
in your left hand forward or toward you. 

If the tube shift is crosswise, superimpose the 
films as before. 

Place the right hand at your right side of the 
films and the left hand at your left side of the 
films. It will be at once apparent that the shadow 
image on one film is nearer the right side of your 
right hand than the other. 

The film with the image nearest the left side, 
or your left hand, is placed in the left hand box, 
with the side in your left hand forward or toward 
you. The film with the image nearest the right 
side, or your right hand, is placed in the right 
hand box, with the side in your right hand forward 
or toward you. 

1. The film identification marker should be 

on the far side. 

2. The greater sharpness should be on the 

far side. 


3. If incorrect, the result is pseudoscopic, seen 
as antero-posterior instead of postero-an- 
terior, or vice versa. 

4. One film backwards, struggle for predom- 
inance of visual field. 

It is well to remember that an opaque object 
will not stereo in itself. However, it may be lo- 
cated with reference to its surroundings, such 
as in the case of barium or a foreign body. On 
the other hand, translucents stereo beautifully, 
the most remarkable of which is the double- 
contrast colon—air insufflation after evacuation 
of a barium enema. The same is to be said of any 
such soft tissue procedure involving translucents. 

If the object of stereo-radiography is in either 
the thoracic or abdominal viscera, it is well to 
have such accessory apparatus, or assistance to 
facilitate the exposure of the two films on sus- 
tained breathing; inspiration or expiration, as the 
case may be. On a stereo pair of chests, for in- 
stance, it is not impossible for the heart or 
some of the lung tissue to appear to be outside 
of the chest if part of the breath is exhaled 
between exposures. 

There are many liberties one may take with 
suggested rules and tables for stereoscopy and 
still have an acceptable, or not too bad result 
which is possible only through the wondrous ac- 
commodation of the human optical system. This 
proves that there cannot exist a mathematical 
coincidence. Popular consensus does not concur 
in accepting stereoscopy as an optical illusion, 
which has made it a subject over which many 
heated discussions have been held. Regardless of 
why this phenomenon exists, there remains no 
question as to its effectiveness in aiding radio- 
graphic diagnosis. 
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CHAPTER X 





Planigraphy 





How THE So-CALiep “PLANE” Is OBTAINED . 
ConTROL OF THICKNESS OF PLANE 
TECHNIC FACTORS 

POSITIONING . ne: 

PossIBLE APPLICATIONS . 


UPERIMPOSITION of tissue structures is fre- 
S quently a handicap in obtaining a radio- 

graph that will show the most diagnostic 
information. Planigraphy offers a means of se- 
lecting a desired so-called “plane” or “layer” 
of tissue structure by blurring out tissues above 
and below the selected plane and thus, in many 
cases, the suspected lesion is more readily 
studied. 

This chapter will explain in the simplest and 
briefest manner how the plane is obtained, how 
the thickness of this plane can be controlled, 
the technic factors and some unorthodox methods 
of positioning the patient to obtain the desired 
result. 


153 
155 
156 
157 
159 


How the So-Called “Plane’’ 
Is Obtained 

As is well known to the radiologist and tech- 
nician when taking a conventional radiograph, 
movement of the x-ray tube, the film, or the pa- 
tient during an exposure will result in loss of de- 
tail sharpness in the radiograph. The greater the 
degree of the movement, the more pronounced 
the loss of detail sharpness; conversely, the less 
the degree of motion, the better the detail sharp- 
ness. No motion, of course, will result in the best 
detail sharpness. These facts form the basis upon 
which the planigraph works. 

Figure 194 is a series of photographs of a 
planigraphic attachment showing tube and bucky 





Fic. 194. Series of photographs of planigraphic attachment. 
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in three different positions, as the tube is moved 
from one extreme of travel to the other, length- 
wise the table top. It will be noted that the tube 
(T) and bucky (B) are interlocked by means 
of an arm (A) and that this arm is made 
to pivot at a fulcrum point (F). In the left hand 
view, the tube is to the extreme left of the tube 
travel range, and the bucky to the extreme 
right of the bucky travel. In the center view, the 
tube and bucky have traveled to a point midway 
between the extremes. In the right hand view. 
the tube has reached the extreme of travel to the 
right and the bucky the extreme of travel to the 
left. 

In analyzing these movements and referring to 
the above statements regarding the effect of mo- 
tion on detail sharpness, it will be obvious that 
because the tube and bucky (or film) are caused 
to move during the exposure that detail sharp- 
ness in the radiograph will be lost. However, it 
will also be noted that there is no movement tak- 
ing place (at least in theory) at the fulcrum 
point. Thus detail sharpness at the fulcrum point 
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Fic. 195, Diagram showing central ray passing through 
fulcrum point. 
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Fic. 196. Diagram showing primary rays passing 
through fulcrum point. 


will remain comparatively sharp, whereas detail 
sharpness will be reduced above and below the 
fulcrum point. 

In Figure 195 it is shown that the central 
ray emanating from the focal spot of the tube 
passes through the fulcrum point at all posi- 
tions during the movement of the tube and 
bucky. 

If any given primary ray emanating from the 
focal spot of the tube is plotted, it will be noted 
that this ray will pass through a point on the 
same plane as the fulcrum point. In Figure 196, 
primary rays A, B, and C are plotted as emanat- 
ing from the focal spot in three positions of 
the tube. Other primary rays emanating from 
the focal spot of the tube will duplicate these 
points. By connecting these points, a plane XY 
will be visible, along which plane the greatest 
detail sharpness will result because there is no 
motion (in theory) at the fulcrum point level. 
All levels above and below this plane will show 
less sharpness of detail, depending upon the 
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Fic. 197. 


“degree of motion” of the tube and film. 

In Figure 197, let the distance between the 
central rays AB represent the “degree of mo- 
tion.” The distance from E to F at the upper 
level of the object represents the greatest ‘“de- 
gree of motion” in the object field, and detail 
sharpness would be at its worst. The line GH 
will show a lesser “degree of motion” and better 
detail sharpness, and the fulcrum level F the least 
“degree of motion,” and the best detail sharp- 
ness. The line K to L, being the same length 
as GH, would be the same “degree of motion,” 
therefore detail sharpness would be the same 
at levels GH and KL. The line CD would repre- 
sent the greatest “degree of motion” below the 
fulcrum point and the detail sharpness would be 
worse than at KL. 

In Figure 198, assuming that GH and KL rep- 
resent the maximum “degree of motion” that 
can be tolerated from the standpoint of detail 
sharpness, then the structure between the lines 
GH and KL would have detail sharpness which, 
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although not the sharpest, could yet be tolerated. 
By extending the lines GH and KL approxi- 
mately parallel to the plane XY, a layer between 
MN and OP will result in which the visibility 
of structure is satisfactory. 


Control of Thickness of Plane 


The thickness of the so-called “plane” in which 
detail visibilty of structure is satisfactory can 
be controlled to a limited extent by several meth- 
ods. Figures 199, 200, and 201 will aid in ex- 
plaining these methods which can be controlled 
by the operator. 

AT A GIVEN FOCAL-FILM DISTANCE, 
THE LONGER THE TUBE TRAVEL, THE 
THINNER THE LAYER WILL BE IN 
WHICH VISIBILITY OF STRUCTURE WILL 
BE SATISFACTORY. 

In Figures 199 and 200, the focal-film dis- 
tance remains the same, but the tube travel has 
been shortened in Figure 200 in comparison 
to Figure 199. If the length of the lines GH 
and KL, in Figure 199, represent the greatest 





MEDICAL RADIOGRAPHIC TECHNIC 


155 


— TUBE TRAVEL TUBE TRAVEL——— 


Cc 





—— FILM TRAVEL 


Fic. 199. 


“degree of motion” that can be tolerated from 0 
the standpoint of structure visibility, then the 
lines of similar length, GH and KL in Figure 
200, represent the same “degree of motion.” The 
layer of structure between MN and OP, in which 








structure visibility is satisfactory, in Figure 199, FILM TRAVEL 
is thinner than the layer between MN and OP, Fic. 200. 
Figure 200, in which structure visibility cor- 
responds. 
THE SHORTER THE FOCAL-FILM DIS- TUBE TRAVEL ——o 


TANCE AT A GIVEN TUBE TRAVEL DIS- 
TANCE, THE THINNER THE LAYER WILL 
BE IN WHICH VISIBILITY OF STRUC- 
TURE WILL BE SATISFACTORY. 

In Figure 201, the focal-film distance is 
shorter than the focal-film distance in Figure 
199, but the tube travel is unchanged. The layer 
of structure in which visibility remains satisfac- 
tory is thinner in Figure 201 than in Figure 199. 


Technic Factors 
It must be remembered that in taking a plani- 
graphic radiograph, usually a greater mass of 
structure will have to be penetrated by the x-ray Fic. 201. 
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radiation, and for this reason the technic factors 
of milliampere-seconds or kilovolts peak used in 
planigraphy must be increased over that used for 
a conventional radiograph of the same part. 
In order to control tube travel, it is usually 
necessary to employ a longer time of exposure 
and a correspondingly lower milliamperage value 
than would be used for conventional radiography. 
Particularly does this apply when changing a 
non-bucky procedure to one employing the Pot- 
ter-Bucky diaphragm. The lower milliamperage 
value also permits the use of small focal spots 
which is equally as desirable in planigraphy as 
in conventional radiography. 

Usually a time of 1 second is as fast as the 
operator can manipulate the tube travel, but 
it can be moved as slowly as necessary to cover 
the complete tube travel distance in any time 
longer than 1 second. For radiography of the 
chest, the mass of structure may be the same 
or only slightly more than for a conventional 
radiograph of the same patient. For example, if 
a 500-milliampere unit is being used with a 
rotating-anode tube, a possible chest technic 
to take a conventional radiograph could be: 


Large focal spot, no bucky, 500 milliamperes, 
Yq second (25 milliampere-seconds), 72-inch 
distance, 50 kilovolts peak. 


In using the planigraph on this same patient, 
the technic could be: 


Small focal spot, with bucky, 25 milliamperes, 
1 second (25 milliampere-seconds), 40-inch 
distance, 50 kilovolts peak. 


Another example, using a 200-milliampere unit 
could be: 


Large focal spot, no bucky, 200 milliamperes, 
149 second (10 milliampere-seconds), 72-inch 
distance, 62 kilovolts peak for a conventional 
radiograph. 
A planigraphic technic for the same patient could 
be: 


Large focal spot, with bucky, 10 milliamperes, 
1 second (10 milliampere-seconds), 40-inch 
distance, 62 kilovolts peak. 


An example of a lateral lumbar spine technic 
on either a 500-milliampere unit or a 200- 
milliampere unit, using a rotating-anode tube or 
a stationary-anode tube could be: 





Fic. 202. Temporo-mandibular joint taken 
with planigraphic attachment. 


Small focal spot, with bucky, 50 milliamperes, 
6 seconds, 36-inch distance, 76 kilovolts peak 


for a conventional radiograph. For this area 
it may be found necessary to increase the kilo- 
volts peak value 4 to 8 kilovolts peak for 


planigraphy. 
Positioning 
In positioning the patient for many of the 
planigraphic procedures, it is not necessary to 





Fic. 203. Temporo-mandibular joint taken 
in the conventional manner. 
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tilt the tube or angle the patient to eliminate 
superimposition of structures. For example, in 
taking a temporo-mandibular joint in a conven- 
tional manner, it is usually necessary to tilt the 
tube or the patient’s head to eliminate super- 
imposition of the other temporo-mandibular 





Fic. 204A. Sternum taken with planigraphic attachment. 
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joint. This is not necessary in using the plani- 
graph. The patient’s head is placed in a true 
lateral position and with the fulcrum point 
placed at the desired level, all structures on 
either side of the fulcrum point will have lost 
their detail sharpness and only that joint on the 
level with the fulcrum point will be clear, Figures 
202 and 203. 

A true postero-anterior radiograph of a ster- 
num is not possible to obtain without the use of 
a planigraphic procedure because of the fact that 
the spine would be superimposed over the 
sternum and, because of the greater opacity of 
the spine as compared to the sternum, the energy 
necessary to penetrate the spine would be ex- 
cessive for the sternum. This problem of super- 
imposition and the necessary penetration for 
the spine remains the same when using a plani- 
graph if the patient is placed in tne conven- 
tional position. In planigraphy, tissues of greater 
density which lie exactly parallel to the tube 
travel are not entirely blurred out by the move- 
ment of the tube and film. By positioning the 
patient crosswise the tube travel, the spine 
(which is of greater density than the sternum) 
will be superimposed for only a brief moment 
during the tube travel and will not have to be 





Fic. 204B 
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considered as far as opacity is concerned. 
With the patient placed crosswise the tube 
travel as outlined, the sternum will be clearly 
visible on the resultant radiograph, but both 
posterior and anterior ribs will also be shown, 
Figure 204A, because the ribs will lie in a 
parallel plane to the tube travel and are thus 
shown on the radiograph. To overcome the prob- 
lem of the greater opacity of the spine and to 
eliminate the ribs in taking a true postero- 
anterior sternum, using a planigraph, the pa- 
tient is placed as close to the edge of the table 
as possible in the prone position, then by bend- 
ing the body at the hips so that the patient’s 
trunk lies at about a 25-degree angle across the 
table, both the spine and ribs will be eliminated, 
Figure 204B. The above information should be 
considered when similar problems are encoun- 
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tered in other regions of the body. 

In taking a lateral lumbar spine, the fifth 
lumbar area being of greater opacity, the radio- 
graph will show less density through the fifth 
lumbar region than through the region of the 
other four lumbar vertebrae. By slowing down 
the tube travel over the fifth lumbar, or speed- 
ing up over the others, the density will tend to 
be equalized throughout. 


Possible Applications 


Although planography has been chiefly used 
for the chest, many other regions can be radio- 
graphed to advantage. 

The following are examples of radiographs 
made using a planographic attachment on different 
regions of the body. 
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CHAPTER XI 





Foreign Body Localization 


HE LOCALIZATION of foreign bodies is not 

an everyday occurrence in most labora- 

tories, but when foreign body localization 
is called for, the technician usually finds very 
little authoritative information in the literature 
or elsewhere available as to procedure. 

The simple method described here is a very 
satisfactory one, and is commonly referred to 
as the “single triangulation” method. It is not 
used in the case of lighter extremities where the 
usual two-view examination will suffice; nor for 
a foreign body in the eye. Its chief use is in the 
heavier parts, such as abdomen, spine, chest, etc. 

The radiographic method only is given be- 
cause it is more convenient and more accurate 
than the fluoroscopic method when using a con- 
ventional x-ray table. Furthermore, a permanent 
record is oftentimes of value. 

The entire localization may be made with the 
patient lying on the usual combination table. 
The patient is placed either in the supine or 
prone position and, using the fluoroscopic tube 
under the table, the foreign body is located by 
means of the fluoroscope. The fluoroscopic field 
is only slightly larger than the foreign body. If 
the tube is properly centered to the fluoroscopic 
shutters, the position of the foreign body will 
be directly beneath the fluoroscopic image. With 
a skin pencil, a spot is made on the patient’s 
body exactly in line with or over the foreign 
object. 

A film is placed in position either with or 
without the bucky diaphragm, centering the 
mark on the patient’s skin to the center of the 
film. 

The radiographic tube is centered to the film 
and the focal-film distance carefully measured. 
The distance ordinarily employed is from 30 
inches to 36 inches. This distance must be exact 
and it is advisable to check it more than once. 

The distance is measured from the focal spot 
to the patient’s skin at the point previously 
marked by the skin pencil. 
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An exposure is made using one half the time 
usually employed for regular work on this area. 

Without disturbing the patient or film, the tube 
is shifted lengthwise the table a known distance 
5 inches to 6 inches; the amount of shift must 
be exact. 

After the tube has been shifted, a second ex- 
posure is made on the same film using the same 
technic. 

Following processing, two images of the for- 
eign body will be visible on the film. 

If, during fluoroscopy, it was found that 
respiration caused motion of the foreign body, 
both exposures must be made under the same 
conditions (inspiration or expiration) as when 
the foreign body was located under the fluoro- 
scope. Focal-skin measurement should be made 
under the same conditions. 

The distance between the two images is care- 
fully measured. This is best done by measuring 
from some point on the edge of one image to 
the same point on the edge of the other image. 
This distance is known as the “shadow” or 
image shift. 

For example, assume the focal-film distance 
to be 30 inches, the tube shift 5 inches, the 
image shift 114 inches, the focal-skin distance 
20 inches. Using these figures, a geometrical 
construction is plotted according to Figure 205. 

If a piece of paper over 30 inches long is 
available, the actual measurements may be laid 
out, and the readings taken direct, in which 
case the actual depth of the object is shown. 

The drawing may be reduced a definite 
amount, such as one half, in which case all find- 
ings must be multiplied by two to arrive at the 
correct values. 

In Figure 205, A to B is 30 inches and rep- 
resents the focal-film distance. A to C is 5 
inches and represents the tube shift. E to B is 
14 inches and represents the shadow shift. 

The position of the foreign body will be found 
at F where the line CE intersects AB. Measure 
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Fic. 205. Diagram illustrating single-triangulation method 
of foreign body localization (radiographic). 


distance from A to F which is the distance from 
the focal spot to the foreign body (22-34 
inches). 

The distance is deducted from the focal spot 
to the mark on the skin, AG, which is 20 inches. 
The distance of the foreign body below the mark 
on the skin is 2-34 inches, GF. 

If the foreign body is quite close to the side 
nearest the film, the shadow shift may be too 
small for accurate measurement when using a 
5-inch tube shift. Either the patient should be 
placed so that the foreign body is nearest the 
tube, or the tube shift increased. 

The accuracy of the localization will depend 
upon the care used in locating it fluoroscopically, 
and accuracy in measuring all distances. 

It might be well to place a coin or other metal 
object in a book and, using the method above 
described, see how accurate a localization may 
be made. One or two trials of this type will 
make it much easier for the operator to make 
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a rapid and accurate localization when the time 
comes to use it on a patient. 
Figure 206 is a reproduction of a radiograph 
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Fic. 206. Radiograph of foreign body preparatory 
to localization. 


showing a foreign body following double ex- 


posure. 
Summary 


1. Place patient on table and fluoroscope for 
foreign body location. 

2. Mark skin directly over foreign body. 

3. Place film under patient, adjusting radio- 
graphic tube for desired focal-film 
distance. 

4. Measure distance from focal spot to mark 
on patient’s skin. 

5. Make first exposure. 

6. Shift tube and make second exposure on 
same film. 

7. Measure distance of shadow shift. 

8. Draw line AB. 

9. Draw line AC. 

10. Draw line BE. 

11. Construct line CE. 

12. Measure AF. 

13. Deduct AG from AF. 

14. GF is the distance of foreign body below 
mark on skin. 
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CHAPTER XII 


Fluoroscopy 


HE TECHNICIAN plays a comparatively 

small part in fluoroscopy. Aside from ad- 

justing the technical factors for satisfac- 
tory fluoroscopic vision, and the general assist- 
ance to the diagnostician, little else is possible. 


However, for general information, the follow- 
ing taken from the National Bureau of Stand- 
ards HB-20, and the United States Army Man- 
ual, The Recommendations of the International 
Roentgen-Ray Committee on X-Ray Protection 
should be of value. 

“The following precautions and procedures 

shall be observed. 


“Eye accommodation preceding fluoroscopy. 
The operator shall allow his eyes to become 
fully accommodated to the darkness before 
starting a fluoroscopic examination. This may 
be done by remaining in a dark room or wear- 
ing fluoroscopic goggles provided with special 
dark lenses. At least five to ten minutes are 
necessary for proper accommodation of the 
eyes, 


“Failure to observe this rule will result in un- 
satisfactory fluoroscopic vision and will tempt 
the operator to increase the milliamperage, 
kilovoltage, or time beyond the recommended 
maximum value and thus expose the patient 
and, under certain conditions himself, to dan- 
gerous amounts of radiation. 


“Eye accommodation before beginning a 
fluoroscopic examination applies with par- 
ticular emphasis to the use of head type 
fluoroscopes. 


“Use of x-ray protective devices imperative. 
X-ray protective devices, such as lead rubber 
gloves, lead rubber aprons, lead protected 
fluoroscopic chair, etc., shall always be used. 
The operator’s unprotected hands, wrists, 
arms, or other parts shall never be exposed to 
the x-ray beam. 
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“Observance of focal-skin distance. For 
fluoroscopy the distance between the target 
of the x-ray tube and the patient’s skin shall 
be at least ten inches. Greater distances are 
preferable since they reduce the likelihood of 
over-exposure and improve the fluoroscopic 
image. The intensity of the x-radiation reach- 
ing the patient’s skin varies inversely with 
the square of the distance from the target of 
the x-ray tube. For example, the x-ray inten- 
sity at 10 inches distance is 4 times that at 
20 inches distance, all other factors remain- 
ing the same. 


“Use of filter as a standard practice. The best 
practice is to use a minimum of 1 mm. alumi- 
num filter, or its equivalent, between the 
x-ray tube and the patient, particularly for 
fluoroscopy. 


“Lowest possible current value advisable in 
all fluoroscopy. For fluoroscopy the milli- 
amperage setting shall be as low as possible 
without sacrificing satisfactory fluoroscopic 
vision. Milliamperage shall in no case exceed 
5 ma. 


“Kilovoltage is set in accordance with the 
thickness and density of the body part being 
examined. For best vision, it shall be kept as 
low as possible, and although 100 kv is avail- 
able in some installations, it is a rare instance 
that requires more than 85 kv. It is common 
practice to use not more than 3 ma at 85 kv 
for abdominal fluoroscopy; 3 ma at 70 kv 
for chest; 3 ma at 60 kv for extremities. 


“Recommended procedures during fluoro- 
scopic examination. During fluoroscopic 
examination make short intermittent expo- 
sures rather than long, continued ones. This 
practice allows the eyes to re-accommodate 
during the dark intervals and increases the 
visibility of the image. It reduces the amount 
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of radiation the patient receives and prolongs 
the life of the x-ray tube. 


“Restrict the size of the radiation aperture 
(shutter) to the smallest area necessary to 
cover the part being examined. This pre- 
vents needless exposure of other parts of the 
patient’s body and improves the visibility of 
the fluoroscopic image. 


“Palpation with the hand or other manipula- 
tion under the fluoroscope for setting of 
fractures, foreign body localization, or other 
such procedures should be kept to a mini- 
mum. Under no circumstance should an op- 
erator use any part of his body for fluoro- 
scopic demonstration nor should he hold any 
cassette, medical or dental film in position 
during exposure. 


“Tube ratings and maximum permissible ex- 
posure values. Consult the tube rating chart 
for maximum permissible time, kilovoltage 
and milliamperage which apply to your 
fluoroscopic tube. Never exceed these ratings. 


“As a guide in determining the safe exposure 
factors for fluoroscopy or radiography, con- 
sult Figures 148 and 149, page 109, the tables of 
maximum permissible exposure values in milli- 
ampere seconds. Milliampere seconds are the 
product of milliamperes and total actual ex- 
posure time in seconds. In using these tables, 
the maximum permissible exposure time in 
seconds is obtained by dividing the milli- 
amperes used into the value of milliampere 
seconds tabulated; as for example, if the 
milliamperes used are 5, and the permissible 
exposure value in milliampere seconds totals 
1000 at a given filtration, kilovoltage, and 
distance, the milliamperage (5) is divided 
into the milliampere seconds (1000) which 
gives the time—200 seconds. This figure con- 
stitutes the maximum exposure time at such 
a voltage. 


“The tables in Figures 148 and 149, which 
apply to both radiography and fluoroscopy, 
are based on operation at 85 kvp. When using 
higher kilovoltage, a reduced value must be 
used. When using a lower kilovoltage, an in- 
creased value may be used but it is preferable 
to employ the tabulated values and take ad- 
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vantage of any increased margin of safety. 
The maximum permissible exposure value in 
milliampere seconds for distances other than 
those given in the above tables can be deter- 
mined by application of the inverse square 
law of light which is to the effect that the 
amount of radiation striking a given area 
varies inversely with the square of the distance 
from the target of the tube. 


“For adjustment of these tables when using 
a kilovoltage different from 85 kv, the fol- 
lowing percentage changes may be used: 


Change in Maximum Per- 


KV. missible Exposure Values 
100 Reduce by 25% 

90 Reduce by 8% 

85 No change 

sO Increase by 10% 

70 Increase by 35% 

60 Increase by 80% 


“The first table applies to all parts of the body 
excepting the head; the second to the head 
only, and is a reduction of approximately 25% 
of the values of the first. 


“Since the effect of x-radiation is cumulative, 
be certain that the amount applied by you to 
the patient, together with the amount—diag- 
nostic or therapeutic—which the patient may 
have received during the period of four weeks 
preceding, together with the amount which 
will be used for radiography during the course 
of your examination, does not in its combined 
total for any area, exceed the generally ac- 
cepted maximum safe limits. 


“For the user’s information, the total filtration 
value heading each column of tables, Figures 
148 and 149, is divided into inherent and ex- 
ternal. The values of permissible milliampere- 
seconds still apply when this same total is ob- 
tained by a different division of the inherent 
and the external filter. The inherent is depend- 
ent upon the particular filtering characteris- 
tics of the tube aperture and any other perma- 
nently interposed filter. 


“The values of these tables are based on: 


1. The average output of a typical installa- 
tion. 
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CHAPTER XIII 


Soft Tissue Radiography 


ADIOGRAPHY of the soft tissues should be 
considered a most important part of rou- 
tine laboratory procedure. Despite its ac- 

cepted diagnostic value, however, this type of 
work is not in general use due mostly to a lack 
of understanding of the technical factors in- 
volved. In addition to this, there is a consider- 
able variation in opinion as to what constitutes 
a soft tissue radiograph of the highest quality. 

The object in view is to produce differentiation 
within the soft tissues and not merely an outline. 

In many instances a non-screen procedure is 
employed and referred to as soft tissue technic 
because the outline of soft tissue is visible. It is 
not unusual to have a soft tissue procedure de- 
scribed as one wherein the time of exposure has 
been reduced to one-half or one-third that ordi- 
narily employed for a regular radiograph of the 
same region. 

When such technics are employed, the results 
are bound to be disappointing because there is 
little or no differentiation within the soft tissue 
area. 

Figures 207 and 208 of the lateral elbow region 
demonstrate the difference between a soft tissue 
outline and soft tissue differentiation. Figure 207 
was made with a non-screen procedure while 
Figure 208 was made with screens using a tech- 
nic adapted to this highly specialized type of 
work. : 

The areas which lend themselves best to this 
procedure are those with less opacity, all ex- 
tremities, neck, breast, etc. Soft tissue differen- 
tiation as applied to the more opaque areas such 
as kidney and gall bladder have benefited par- 
ticularly since the advent of the rotating-anode 
tube, but such areas do not lend themselves to 
the same degree of improvement because of their 
increased opacity and superimposition of under 
and overlying structures. 

As previously discussed, a radiograph of any 
part of the body is a record of the various de- 
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grees of relative opacity within the area exposed. 
If all parts of the body were of the same relative 
opacity, then a radiograph would be of no value. 
However, the body is composed of tissues of 
various degrees of opacity, and visibility of struc- 
ture on the film depends mostly upon the tech- 
nical procedure. Some parts are more readily 
taken than others and allow for a considerable 
variation in procedure, while others require the 
maximum in technical skill and knowledge. 

In general, areas which are considered less 
difficult to radiograph are those in which the 
difference in opacity in the various structures 
involved is quite marked. Parts which are con- 





Fic. 207. Radiograph of lateral elbow without screens. 
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Fic. 208. Radiograph of lateral elbow with screens. 


siderably more difficult to radiograph are those 
in which the difference in relative opacity in the 
various structures is very slight. Radiographs of 
early callus, early arteriosclerosis, soft tissue 
tumors, varicose veins, etc., comprise the latter. 

The many factors which influence radiographic 
quality have been considered in Chapters VI and 
VII. The only difference in these considerations 
as applied to soft tissue radiography is that 
added emphasis must be given to some of them 
and, conversely, less emphasis to others. 

As with regular radiography, maximum differ- 
entiation of tissue is realized only when the film 
shows both maximum sharpness of detail and 
maximum visibility of detail of the part or parts 
on which interpretation is centered. 

The diagnostic quality of any radiograph de- 
pends on the degree in which these two essentials 
are present. 

While it cannot be stated that maximum con- 
trast is desirable in soft tissue radiography, con- 
siderably greater contrast is necessary than for 





any other type of radiography. In addition, radio- 
graphic density must be kept within a compara- 
tively narrow range if maximum diagnostic 
quality is to be obtained. Thus, those factors af- 
fecting both contrast and density must receive 
primary consideration. 

The fact that contrast and density are consid- 
ered of first importance does not mean that 
sharpness of detail can in any way be disre- 
garded. All factors affecting detail sharpness in 
general radiography must receive equal consid- 
eration in soft tissue radiography with the excep- 
tion of intensifying screens. 

Because of the technical procedures necessary 
in soft tissue radiography, intensifying screens 
are essential. Consequently, any loss in detail 
sharpness is reduced to that brought about by 
the use of screens. 

The specific operating factors of kilovolts peak, 
milliampere-seconds, distance, are not only de- 
pendent on each other, but upon the equipment 
available. 

In general, the kilovolts peak value for all ex- 
tremity work, neck, and breast, should be within 
the limits of 25 to 40 kilovolts peak. 

The milliampere-second value should be from 
100 to 200 milliampere-seconds, the time value 
being sufficiently short to obviate the danger of 
motion, in most instances under 2 seconds, if 
possible. 

The focal-film distance should be from 30 to 
42 inches. The closer distance is preferable, if the 
apparatus available makes necessary an exposure 
time over 2 seconds. 

The variable factor of choice is kilovolts peak. 
If the difference between steps on the auto- 
transformer is 2 kilovolts peak or less, no other 
factor need be changed to control density. 

Do not try to control density in the darkroom. 
Consistent results are possible only with proper 
processsing room conditions. 

Figure 209 of the antero-posterior elbow dem- 
onstrates a difference of 1 kilovolt peak between 
exposures. In this example the technics employed 
were as follows: 200 milliampere-seconds, 40- 
inch distance. The kilovolts peak in exposure A is 
30, in B it is 31, and in C it is 32. Note that even 
this small voltage change is visible. Comparing 
exposures A and “, the effect of a 2-kilovolts peak 
change may be noted. 
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Fic. 209. Radiographs of antero-posterior elbow showing 
a difference of 1 kilovolt peak between exposures. 


The latitude in soft tissue radiography is much 
less than for general work, but after a satisfac- 
tory procedure has been established by actual 
trial and error, little added difficulty should be 
experienced. 

Through the courtesy of John R. Carty, M.D., 
Radiologist to New York Hospital, New York 
City, a number of examples of soft tissue radiog- 
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raphy are given. Their use in this chapter is based 
strictly on technical considerations. The patholo- 
gy shown, as given by Dr. Carty, is a better illus- 
tration of the value of soft tissue radiography. 

The following chart should prove of value as a 
starting procedure only. The speed of screens, 
apparatus available, accuracy of machine calibra- 
tion, etc., may make necessary a change of as 
much as 5 to 8 kilovolts peak from that given, or 
it may be necessary to use a different milli- 
ampere-second value. A few test exposures should 
enable the operator to establish a soft-tissue pro- 
cedure that is just as much a matter of routine as 
any other type of work. 


Milliampere- Kilovolts 
Part Seconds Distance Peak 
Hand and Wrist 200 40 25 
Elbow and Ankle 200 40 30 
Shoulder 200 40 36 
Knee * 200 40 32 
Thigh 200 40 40 
Breast 200 40 30 


If a distance of 30 inches is necessary, reduce 
milliampere-seconds to 100, leaving other factors 
the same. Vary the kilovolts peak to change 
density. 
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CHAPTER XIV 





Anatomy 





HIS CHAPTER presents the necessary ana- 
tomical information which is generally re- 
quired for x-ray technicians in order that 
they may accurately locate and properly posi- 
tion those regions requested by the radiologist. 


The Extremities 
Upper Extremity 


The upper extremity is divided into four seg- 
ments: the shoulder girdle, arm, forearm, and 
hand. The skeletal portion of this region may 
also be separated into segments corresponding to 
the above division. The bones of the shoulder 
girdle are the scapula and the clavicle; of the 
arm, the humerus; of the forearm, the ulna and 
radius; of the “and, the carpus, metacarpus, and 
the phalanges. Each segment will be considered 
separately. 


Shoulder Girdle 


Scapula 

The scapula is a flat triangular bone situated 
on the upper posterior surface of the thorax over 
the first to the seventh ribs. It has two surfaces: 
anterior and posterior; three borders: vertebral, 
superior, and axillary; and three angles: superior, 
lateral, and inferior. 

The anterior surface of the scapula is com- 
paratively smooth and is slightly concave to 
conform to the contour of the thorax. Its pos- 
terior surface is slightly convex and is divided 
into two unequal areas by a projecting and 
roughened ridge of bone, the spine of the scapula. 
The spine has its beginning at the vertebral 
border and inclines upward across the surface 
of the bone, extending beyond the lateral angle 
to end in a flattened process, the acromion. The 
anterior surface of the acromion articulates with 
the distal end of the clavicle forming the apex 
of the shoulder. It is through this anterior junc- 


ture with the clavicle that the shoulder girdle 
has its sole bony attachment to the thorax. The 
posterior connection is accomplished through 
musculature only, The rhomboides and levator 
scapulae muscles constitute the vertebral ele- 
ments of connection, while the serratus anterior 
muscle is the thoracic element. 

The inferior angle of the scapula, formed by 
the convergence of the axillary and vertebral bor- 
ders, is easily located on most patients, and is used 
as a landmark in radiography. The superior 
angle is formed by the superior and vertebral 
borders. The lateral angle, formed by the su- 
perior and axillary borders, ends in an abruptly 
thickened portion of bone, the glenoid cavity, 
which is separated from the main portion of the 
bone by a constricted region, the neck. This 
cavity which accommodates the head of the 
humerus is oval in shape and very shallow; being 
shallow, much freedom of movement of the 
humerus is possible. Extending forward and 
laterally from the neck of the scapula is the 
coracoid process; its prominence lies to the medial 
side of the head of the humerus. 


Clavicle 


The clavicle is an S-shaped bone that articu- 
lates laterally with the acromion process of the 
scapula and medially with the sternum through 
the sterno-clavicular articulation. The degree of 
curvature varies considerably among individuals 
and sexes. 


Arm 


Humerus 

The humerus is the longest and largest bone 
of the upper extremity and is comprised of a 
shaft and two extremities. The head, or upper 
extremity, is a round, semispherical surface 
which articulates with the scapula; it is separated 
from the humeral shaft by a shallow groove, the 
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anatomical neck. Lateral to the anatomical neck 
are two protruding areas of bone for muscle 
attachment, the greater and lesser tuberosities. 
Just below the tuberosities, the bone contracts to 
form the surgical neck, so called because it is 
frequently the site of pathological processes. The 
upper part of the shaft is round in cross-section 
but becomes triangular in its lower portion. 

The lower extremity of the humerus is some- 
what flattened and broad, forming on either side, 
medial and lateral epicondyles. Below the epi- 
condyles are the articular surfaces for the bones 
of the forearm, the medial being called the 
trochlea, the lateral the capitulum. 


Forearm 
Ulna 


The ulna is on the medial side of the forearm 
and articulates with the trochlea of the humerus. 
It is longer than the radius, and has at its 
upper extremity a thickened portion, the olecra- 
non process. It is widest and strongest at its 
upper extremity, but tapers toward its lower 
extremity, where it terminates as the styloid 
process. 


Radius 


The radius is on the lateral side of the forearm 
and differs from the ulna in being smaller at its 
upper extremity and larger at its lower ex- 
tremity. The upper extremity is cylindrical and 
has on its upper surface a shallow depression 
where it articulates with the capitulum of the 
humerus. The lower extremity of the radius is 
broad and flat, having on its lateral border a 
projection of bone, the styloid process. This is 
larger, though less pointed, than the similarly 
named process on the lower extremity of the ulna. 
The radius articulates with the proximal bones 
of the carpus. 


Hand 


The bones of the hand are twenty-seven in 
number which may be separated into divisions 
corresponding to the wrist, palm, and fingers. 


Carpus 

The carpus, or wrist, is composed of eight 
bones, arranged in two rows, a proximal and 
a distal. The proximal row articulates with the 
radius, the distal with the metacarpus. 


Metacarpus 


The metacarpus, or bones of the palm, is a 
series of five small long bones, each having a 
proximal portion, a body, and a distal portion. 
The proximal portion articulates with the carpus, 
the distal with the phalanges. 


Phalanges 


The phalanges are the bones of the fingers. 
Each finger is comprised of three phalanges: 
proximal, middle, and distal. The thumb has 
but a proximal and a distal phalanx. 


Lower Extremity 
Thigh 
Femur 


The femur, the largest bone in the skeleton, 
transmits the weight of the body from the pelvis 
to the tibia. It is divided into three parts: the 
superior extremity, composed of the head, neck, 
and trochanters; the shaft; and the inferior ex- 
tremity made up of the condyles and epicondyles. 

The head of the femur is attached to the 
shaft by the neck. The head is shaped like 
a half sphere and fits into the acetabulum, 
forming a ball-and-socket joint. At the junction 
of the neck and shaft of the femur are two 
prominent processes of bone, the upper one the 
greater trochanter, and the lower and smaller the 
lesser trochanter, Connecting the two trochanters 
on the anterior surface of the bone is a ridge, 
the trochanteric line; on the posterior surface, a 
crest, the trochanteric crest. The tips of the 
greater trochanters on each side, lying super- 
ficial in the upper, lateral thigh, become sig- 
nificant palpable landmarks as they mark the 
widest transverse line through the region of the 
hip joint. 

The shaft is cylindrical in shape in the upper 
half but prismatic in shape in the lower half. 
The inferior extremity becomes wider and 
thicker, forming the medial and lateral con- 
dyles, which articulate with the upper extremity 
of the tibia; they are separated on the posterior 
surface by the intercondyloid fossa. Extending 
upward and anteriorly from the lateral condyle 
is the trochlea, a rounded prominence on which 
the patella glides; above the condyles on either 
side of the bone are the epicondyles. 
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Leg 
Tibia 

The tibia, the larger and more medial of the 
two bones of the leg, transmits the weight of the 
body to the foot. It has an upper extremity, a 
shaft, and a lower extremity. Its upper extremity 
has two concave areas that articulate with the 
condyles of the femur. The lower extremity has 
on its under surface the horizontal and medial 
articular surfaces of the ankle mortise for articu- 
lation with the tarsus. The bony support for this 
medial surface is the internal malleolus. 


Fibula 

The fibula is a long thin bone situated on the 
lateral side of the leg articulating with the tibia 
at its superior and inferior extremities. It is 
approximately the same length as the tibia. By 
extending below the inferior extremity of the tibia 
as the external malleolus, it forms the lateral 
articular surface of the ankle mortise. 


Patella 

The patella, also called the knee cap, is the 
largest of the sesamoid bones and is situated 
within the quadriceps femoris muscle tendon 
over the front of the femoral condyles. It is 
somewhat triangular in shape with the apex 
pointing downward, Its anterior surface:is rough 
while the posterior or articular surface is smooth. 


Foot 

The bones of the foot are twenty-six in num- 
ber, which may be separated into divisions called 
the tarsus, metatarsus, and phalanges. — 

Tarsus.—The tarsus, or ankle, is composed of 
seven bones. The calcaneus (or os calcis) is of 
special interest because it extends downward 
and backward from the talus and is the bone of 
the heel. 

Metatarsus.—The metatarsus is a series of five 
small long bones, each having a proximal por- 
tion, a body, and a distal portion. The proximal 
portion articulates with the tarsus, the distal 
with the phalanges. 

Phalanges——The phalanges are the bones of 
the toes. Each toe is composed of three 
phalanges: proximal, middle, and distal. The 
great toe has but a proximal and a distal 
phalanx. 


The Head 


The bony framework of the skull is composed 
of twenty-two bones rigidly held together by 
very irregular joints known as sutures. It is 
chiefly a protective case for the brain and the 
organs of sight and hearing, and affords a frame- 
work for the entrances to the digestive and 
respiratory systems, respectively the oral and 
nasal cavities, 

The skull is divided into two parts: the 
cerebral cranium and the visceral cranium. The 
former derives its name from the brain, which 
it surrounds, and will be referred to simply as 
the cranium. The .bones of the cranium are 
composed of an inner plate and a thicker, 
smoother outer plate of compact bone, being 
separated by an intermediate layer of spongy 
tissue known as the diploé. The visceral cranium 
is so-called for the support and form it affords 
the oral, nasal, and orbital cavities; it will be 
referred to as the facial portion, or the bones of 
the face. 

The bones of the cranium are: the frontal, 
two parietals, the occipital, two temporals, the 
sphenoid, and the ethmoid, making eight in 
number. The facial portion of the skull is com- 
posed of fifteen bones: the mandible in two united 
halves, two maxillary, two zygomatic, two nasal, 
two inferior turbinate, two lachrymal, a single 
vomer and two palatine bones. 


Bones of the Cranium 
Frontal Bone 


The frontal bone forms the anterior wall of 
the cranium. It is divided into two parts: the 
squamous portion, having the external form of 
the forehead; and the orbital portion, which 
forms the roof of each orbital cavity, 

On either side of the squamous portion, com- 
monly called the forehead, is the frontal emi- 
nence. On the superior margin of either orbit is 
a prominent ridge of bone, the superciliary ridge, 
and between these ridges at the midline is a 
depressed area, the glabella. At the lateral and 
upper margins of the squamous portion, a very 
irregular coronal suture unites the frontal bone 
with the parietal bones and the greater wings 
of the sphenoid bone. 

The glabella and the two superciliary ridges, 
in part, mark the position of right and left 
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frontal sinuses. These air cavities, occupying a 
space between the two plates of the frontal 
bone, are separated by a thin bony septum and 
extend a variable distance lateralward and up- 
ward from the midline into the squamous por- 
tion. 


Parietal Bones 


The parietal bones form the top and sides of 
the cranium. They are quadrilateral in shape and 
are joined at the midline, at the top of the 
cranium, by the sagittal suture. The anterior 
border of each bone joins with the frontal bone 
at the coronal suture; the posterior border of 
each with the occipital bone at the lambdoid 
suture; and the inferior border with the temporal 
bones on each side at the squamous suture. 


Occipital Bone 


The occipital bone forms part of the posterior 
and part of the base of the skull and is the 
only bone of the skull that articulates with the 
spine. It is divided into four parts termed: 
squamous, right and left lateral, and_ basilar. 
These correspond to the four separate parts of 
which the bone consists during infancy; by the 
seventh year the parts unite to form one continu- 
ous bone. 

The squamous portion is the largest part of the 
bone and is situated above and behind the fora- 
men magnum. On the external surface, midway 
between the foramen magnum and the lambdoid 
suture, is a bony projection, the external occip- 
ital protuberance. On either side of the foramen 
are the lateral portions, having on their external 
surfaces the occipital condyles which articulate 
with the atlas. The anterior rim of the foramen 
magnum is made complete by the fusion of both 
lateral portions with the basilar portion, Between 
the eighteenth and the twenty-fifth year, the 
basilar part of the occipital bone unites with the 
sphenoid bone. 


Temporal Bone 

The temporal bone is located at the sides 
and base of the cranium contributing also to the 
bones of the face. It consists of three parts: 
the squamous, the mastoid, and the petrous 
portions and contains the middle and inner ear, 
the mastoid cells, and the articular surfaces for 
the lower jaw. Projecting downward and forward 
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from the inferior surface of the temporal bone 
is a small, slender shaft of bony tissue, the 
styloid process; projecting forward from the 
lower border of the squamous portion is the 
zygomatic process. 

The squamous portion completes the sidewall 
of the cranium by articulating with the sphenoid 
and parietal bones. 

The mastoid portion forms the prominence of 
bone behind the ear known as the mastoid 
process; it is absent in the newborn but well 
developed by the fifth year. 

The petrous portion is a pyramidal projection 
of dense bony tissue on the medial side of the 
temporal bone, extending medialward and for- 
ward to the angle formed by the posterior 
border of the greater wing of the sphenoid and 
the basilar part of the occipital bones. Its two 
superior surfaces form part of the cranial floor; 
they join along the whole extent of the bone to 
form a markedly elevated ridge, the petrous ridge. 


Sphenoid Bone 


This complicated bone enters into the forma- 
tion of the base of the cranium and deeper por- 
tions of the facial group; it is located slightly 
in front of the midpoint along the base of the 
skull. 

A short distance anterior to the foramen 
magnum, the basilar portion of the sphenoid 
bone is rigidly fused to the occipital bone. Ex- 
tending forward in the midline from this point, 
the body of the sphenoid bone forms a portion 
of the base of the cranium. In its. very center 
is a marked depression on its surface, the sella 
turcica; open on each side, the sella is guarded 
in front and behind by four prongs of bone 
known as the anterior and posterior clinoid 
processes. The anterior processes, one on each 
side, also help to form the foramina through 
which the optic nerves pass from orbital to 
cranial cavity; small wing-like lateral extensions 
from the roots of the anterior clinoid processes 
are termed the lesser wings of the sphenoid 
bone. They are sharp ridges and stand above 
elongated openings, the superior orbital fissures, 
which also connect the orbital cavity with the 
cranial cavity. 

Much of the body of the sphenoid bone di- 
rectly below the sella turcica is replaced by two 
large air cells, the sphenoid sinuses, these being 
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separated by a thin bony septum; they communi- 
cate with the most superior and posterior extent 
of the nasal cavities. 

Lateral extensions from the body of the bone, 
the greater wings of the sphenoid bone, form a 
large part of the mid-portion of the floor of 
the cranial cavity. On each side the greater wings 
extend to the lower lateral walls of the cranium; 
in so doing, they meet and articulate with the 
temporal, parietal, frontal, and zygomatic bones. 

In addition to forming the deeper portions 
of the orbital cavities, inferior extensions of the 
bone, as the pterygoid plates, help to support the 
deeper parts of the nasal and oral cavities. 


Ethmoid Bone 


The ethmoid bone is cuboid in shape and 
situated at the anterior part of the base of the 
cranium, On either side of the perpendicular 
plate which contributes to the nasal septum 
are two areas of air cells, the ethmoidal sinuses. 
The bony structure of the walls limiting these 
cells is very thin or incomplete. While there is 
considerable variation in the position and num- 
ber (eight to twenty) of individual air cells, 
those in the anterior part of the cuboid are 
grouped as the anterior ethmoidal cells, while 
those in the posterior portion are the posterior 
ethmoidal cells, The lateral walls of the ethmoid 
bone form part of the medial walls of the orbital 
cavities, while the space to either side of the 
perpendicular plate, between it and the lateral 
masses, constitute the upper reaches of the nasal 
cavity. 

A thickened triangular extension of the per- 
pendicular plate protrudes into the anterior floor 
of the cranial cavity as the crista galli. 


Bones of the Face 

Maxilla 

The two maxillary bones unite in adult life 
to form the entire upper jaw. They form the 
floor of the orbital cavities, the floor and lateral 
walls of the nasal cavities and the roof of 
the mouth. Each body of the maxilla contains 
a large triangular cavity, the maxillary sinus or 
antrum. On the inferior order, to each side, 
is the alveolar process which accommodates the 
upper teeth. The zygomatic process is situated 
at the anterior and lateral border of each 
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maxilla and projects posteriorly to unite with 
the maxillary process of the zygomatic bone, 
forming the prominence of the cheek. 


Mandible 


The mandible, or inferior maxilla, is the largest 
and strongest of the bones of the face, and is 
the only movable bone of the head. It consists 
of a horseshoe-shaped portion, the body, and 
two rami which arise from the posterior portions 
of the body. Along the upper border of the body 
is the alveolar process for the accommodation of 
the lower teeth. At the midline on the mandible 
is a ridge of bone, the symphysis, marking the 
union of the two lateral portions of the body. 
The point, posteriorly, where the body of the 
mandible turns sharply upwards to become the 
ramus, is designated as the angle of the mandible. 

On the upper extremity of each ramus are two 
processes separated by the mandibular notch. 
Anteriorly is the coronoid process to which the 
temporal muscle is attached; the posterior pro- 
jection is called the condyloid process, and it 
articulates with the temporal bone. This joint 
is referred to as the temporo-mandibular articu- 
lation, 


Spinal Column 


The spinal column is located at the midline 
in the posterior region of the body and consists 
of a series of bones, the vertebrae, which articu- 
late with one another to form a flexible column; 
it supports the body trunk and protects the 
spinal cord. There are thirty-three vertebrae: 
seven in the cervical region, twelve in the 
thoracic region, five in the lumbar region, five 
in the sacrum, and four in the coccygeal region. 
At an early period of life the five segments of 
the sacrum are separate, but later between the 
eighteenth and twenty-fifth year they fuse; 
frequently the first piece of the coccyx fuses 
with the sacrum. 

Each of the five regions of the spine has its 
own characteristic antero-posterior curvature, 
those of the cervical and lumbar regions being 
convex anteriorly, those of the thoracic and 
sacro-coccygeal regions being concave anteriorly. 
All vertebrae have certain characteristics in 
common. A typical vertebra is composed of two 
main parts: the body and the neural arch. The 
body is somewhat cylindrical in shape and forms 
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the largest part of the vertebra; it supports the 
body weight. Between the bodies are interposed 
intervertebral discs of elastic fibrocartilage which 
serve to absorb forces or shocks. The neural 
arch is made up of two pedicles, two laminae, 
two transverse processes, one spinous process 
and four articular processes. 

The first cervical vertebra, or atlas, which 
articulates with the skull, has no true body; the 
spinous process is extremely small, while the 
transverse processes are thicker and stronger 
than those of the other cervical vertebrae. The 
second cervical vertebra, or axis, is characterized 
by a prominent projection of bone upward from 
the body known as the odontoid process which 
articulates with the atlas. This vertebra is char- 
acterized by a very large spinous process. 

Near the junction of pedicle and vertebral 
body on the twelve thoracic segments are placed 
articular surfaces to receive the heads of the 
ribs. The thoracic spinous processes are long 
and inclined downward. 

The lumbar vertebrae represent typical verte- 
brae; their spinous processes are large and hori- 
zontal; their transverse processes extend lateral- 
ward from the junction of lamina and pedicle. 
This section of the vertebral column affords a 
freedom of movement aided by large facets at 
each intervertebral articulation and by absence 
of any accessory bony attachments. 

The sacrum is a wedge-shaped bone that rep- 
resents the fusion of five sacral segments into one 
rigid piece. Broad above, it acts as a base upon 
which the spinal column rests; to each side it 
articulates with innominate bones at broad irregu- 
lar sacro-iliac joints. By its concavity and its 
marked posterior position, the sacrum forms the 
roof and posterior boundary of the true pelvis. 

The coccygeal segments are usually four in 
number, projecting downward and forward in a 
curve from the lower end of the sacrum. The 
individual segments are sometimes fused together 
forming one bone, and it is not uncommon for 
this bone to become fused to the sacrum, espe- 
cially in older people. 


Pelvis 


The pelvis may be defined as a basin-shaped 
ring of bone at the inferior extremity of the 


trunk supporting the spinal column and resting 
upon the lower extremities. It is composed of 
the sacrum and coccyx behind, and the two 
innominate, or hip bones at the sides and in 
front. 


Innominate Bone 


This bone, together with its fellow of the op- 
posite side, forms the lateral and anterior walls 
of the pelvis. Each hip bone articulates with the 
sacrum at the sacro-iliac joint, and with each 
other at the pubic symphysis. Early in life the 
bone is composed of three parts: the ilium, the 
ischium, and the pubis, but after puberty they 
unite to form one bone. The junction of the three 
bones is at the acetabulum, a cup-shaped cavity 
in which the head of the femur articulates. 


Tlium 


The ilium, the largest bone of the hip, is com- 
posed of two parts: the ala, and the body, The 
ala is a broad expanded portion of the bone 
which serves as a support and protection for the 
abdominal viscera. Its upper border, the crest 
of the ilium, is a thick and rough ridge of bone 
ending anteriorly in a prominent bony projec- 
tion, the anterior superior spine. The body enters 
into the formation of the acetabulum comprising 
approximately two-fifths of it. 


Ischium 


The ischium is the thickest and strongest of 
the three bones. It extends inferiorly and medially 
from the acetabulum of which it forms approxi- 
mately two-fifths. The descending portion is thick 
and rough. The inferior surface is known as the 
tuberosity. The anterior portion extends forward 
to join the pubis. Extending backward and me- 
dialward from the upper and posterior border of 
the ischium is a prominent projection of bone, 
the spine of the ischium. 


Pubis 


The pubis extends forward and medialward 
from the acetabulum to articulate with its fellow 
of the opposite side, forming the pubic symphysis. 
From this point a bar of bone, the inferior pubic 
ramus, extends downward to meet and fuse with 
a similar extension of bone from the ischium. 
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Fig. 210. The Left Scapula. 
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Fig. 211. The Shoulder Girdle. 


MEDICAL RADIOGRAPHIC TECHNIC 175 












Head 


Anatomical Neck 


Greater Tuberosity Lesser Tuberosity 


Surgical Neck Surgical Neck 


Lateral Epicondyle E29 — Medial Epicondyle Wl Lateral Epicondyle 


\ 








Greater Tuberosity 


esser Tuberosity 


Body 


Medial Epicondyle 
ateral Epicondyle-€ 


Medial View Lateral View 


Fig. 212. The Left Humerus. 
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Fig. 213. The Upper Extremity. 
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Fig. 214. Pelvis—Oblique View. 
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Fig. 215. Hip Bone—Lateral View. Fig. 216. Left Hip Bone—Anterior View. 
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Fig. 217. The Pelvis—Oblique View (Showing Separation of [lium and Sacrum). 





Fig. 218. The Pelvis—Oblique View (Forward Tilt to Show Spine of Ischium). 
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Fig. 219. The Left Femur. 
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Fig. 220. The Left Femur. 
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Fig. 221. The Lower Extremity. 
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Fig. 222. The Lower Extremity. 
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Fig. 223. The Bony Framework of Trunk and Pelvis—Anterior View. 
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Fig. 224. The Bony Framework of Trunk and Pelvis—Anterior Oblique View. 
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Fig. 225. The Bony Framework of Trunk and Pelvis—Lateral View. 
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Fig. 226. The Bony Framework of Trunk and Pelvis—Posterior Oblique View. 
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Fig. 227. The Bony Framework of Trunk and Pelvis—Posterior View. 
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Fig. 228. The Skull—Anterior View. 
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Fig. 229. The Skull—Lateral View. 
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Fig. 230. The Frontal, Ethmoid and Mandible. 
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Fig. 231. The Left Maxillary Bone. 
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Fig. 232. The Left Maxillary Bone in Its Relation to the Skull. 
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Fig. 233. The Sphenoid and Occipital Bone. 
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Fig. 234. The Sphenoid and Occipital Bones in Their Relation to the Skull. 
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Fig. 235. The Temporal Bone—Anterior View. 
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Fig. 236. The Temporal Bone—Lateral View. 
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Fig. 237. The Median View of Right Half of the Skull. 
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Fig. 238. Semi-diagrammatic View of the Paranasal Sinuses. 
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Fig. 239. Sagittal Section of Female Cadaver. 
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Fig. 240. Coronal Section of Male Cadaver. 
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Fig. 241. Transverse Section of Cadaver. 
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Fig. 242. Coronal Section of Male Cadaver. 
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General 


HE various positions shown in the illus- 

trations in this chapter are those generally 

employed in modern radiography. While a 
number of angular positions are given, it will 
be found necessary at times to supplement them 
with others because of the nature of existing 
pathology or the condition of the patient. 

Angulation of the tube, film, or object must in 
many instances be approximate. There are few 
parts of the body in which definite degrees of 
angulation will produce exactly the same end re- 
sults. Anatomical variations, both externally 
and internally, may necessitate changes in angu- 
lation of either the tube, film, or object, and in 
some instances all three of them if maximum 
results are to be obtained. Experience alone can 
accurately determine these variations. There can 
be no set rule. 

It is believed that if the technician thoroughly 
understands the proper positioning of the pa- 
tient for the usual true lateral, antero-posterior, 
postero-anterior, and certain established angu- 
lar positions, little difficulty should be encoun- 
tered in making such variations as are neces- 
sary to meet the requirements. It is well for the 
technician, with the assistance of the radiolo- 
gist, to work out a series of such angular posi- 
tions as may be felt desirable from time to time. 
The positions as illustrated and described are 


those most commonly employed in existing x-ray 
laboratories and are approximately the same re- 
gardless of whether a cardboard holder, screens, 
an inclined plane device, or a Potter-Bucky dia- 
phragm is used. 

Anatomical landmarks are essential in the 
duplication of positions. Those selected for this 
text or others may be employed. To a certain 
point it may be considered immaterial what par- 
ticular landmarks be accepted for the purpose, 
but some landmark should be selected for each 
region or position and that landmark carefully 
placed in relation to the tube and the film. 

The size of the film and its position in rela- 
tion to the part to be exposed is suggested, but 
both may be altered as conditions or preference 
requires. The position of the tube in relation to 
the film or cassette is given. It is usually consid- 
ered better practice to place the patient in the 
position required on the film or cassette and then 
center the tube to the film and not to the pa- 
tient. This will result in correct alignment of the 
tube, object, and film. 

Every effort has been made to make the illus- 
trations of positions self-explanatory. To do this, 
several methods were employed to clearly indi- 
cate landmarks, angulation, position of patient, 
direction of the central ray, etc. The use of parts 
of the skeleton, mirrors, and diagrams are em- 
ployed for the purpose of aiding the operator 
to visualize the problems involved. To further 
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augment the information in the illustration, a 
written description of each position is given. 

A reproduction of a radiograph of average 
quality accompanies each of the radiographic 
positions illustrated. It must be recognized that 
this necessary reduction results in a considerable 
loss of detail and contrast from the original film 
and that this reproduction does not represent the 
maximum radiographic quality in comparison 
to its original. However, each radiographic re- 
production in this chapter has been made with 
the positions as illustrated. Despite the reduc- 
tion in size, these reproductions give the operator 
a better understanding of what may be expected 
from the positions as given. 

In connection with each of the radiographic 
illustrations, certain technical data is presented. 

Obviously, x-ray equipment is not self-operat- 
ing despite the many improvements which time 
has evolved. It is believed that the information 
given will aid materially in providing the oper- 
ator a means of obtaining as nearly as possible 
the maximum results which the equipment is 
capable of producing. 

Experience seems to indicate that too little 
attention is paid by the majority of x-ray opera- 
tors to the problem of producing the maximum 
diagnostic results based upon existing pathology. 
Too much attention is paid to the idea of pro- 
ducing so-called “routine” results with tech- 
nics that stray far from the fundamentals which 
guide one to consistently good results. 

In spite of the many improvements made 
in x-ray apparatus, there are many instances in 
which the results produced leave much to be de- 
sired. Regardless of how valuable the technic 
chart may seem to be, it cannot take the place 
of individual skill and experience, primarily be- 
cause the patient factor is always an unknown 
quantity. 

Modern x-ray procedures demand that widely 
different technics may be necessary for the same 
area if the best diagnostic results are to be pro- 
duced. There cannot be one particular technic 
which can be considered best under any and 
all circumstances. Consequently, technic charts 
at their best should be considered only as a 
baseline from which a multiplicity of procedures 
may be utilized, based upon existing pathology 
and the area being exposed. 


The technical factors given for each area con- 
stitute what should be considered a starting 
point. Because of the many variables in x-ray 
apparatus itself, which includes a greater or less 
absorption in the Potter-Bucky diaphragm, varia- 
tion in speed of screens and films, different dark- 
room conditions, improper or inaccurate calibra- 
tion of apparatus, and the ever-present patient 
factor, it is entirely out of the question to hope 
that all of the factors given can be utilized 
as designated. 

For the above reasons, using the milliampere- 
second factor at the distance recommended, the 
kilovolts peak value may vary as much as plus 
or minus 10 kilovolts peak, and in some instances 
more. 

It will be noted that centimeter thickness for 
each part is given. Every effort was made to 
obtain a subject of average build and tissue 
opacity. 

The “‘non-screen” procedures were based upon 
the use of regular x-ray films, and not the so- 
called “non-screen” or “no-screen” film. If the 
“non-screen” or “no-screen” film is employed, 
the milliampere-seconds may be reduced approxi- 
mately 75 per cent, or the kilovolts peak value 
reduced 12 to 15 kilovolts peak. The screen pro- 
cedures are based upon the use of Patterson 
Parspeed screens. 

It is important to bear in mind that there 
are other considerations which control any spe- 
cific technic. One of the most important is the 
x-ray tube, the rating chart of which must be 
observed in formulating any specific technic, For 
example, the energizing apparatus available may 
have a rating higher than the x-ray tube, or the 
reverse may be true. The specific technic em- 
ployed must be based upon both tube rating 
and the equipment rating. 

As previously mentioned, the centimeter thick- 
ness of each part is given. The variation in kilo- 
volts peak per centimeter is based upon the utili- 
zation of regular films without screens and regu- 
lar films with Patterson Parspeed screens. 

It will be noted that the change per centimeter 
thickness with Parspeed screens varies from 2 to 
3 kilovolts peak, depending on the range of 
kilovolts peak employed. 

When a non-screen procedure is used, the av- 
erage variation per centimeter is 3 kilovolts 
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peak. Some variations in this value may exist, 
depending upon whether a regular film is being 
employed for non-screen radiography, or the 
special “non-screen” film. The difference is com- 
paratively slight, however, and for all practical 
purposes the variation of 3 kilovolts peak per 
centimeter may be used in either case. 

As previously mentioned, the kilovolts peak 
variation per centimeter changes depending upon 
the range of kilovolts peak being employed. This 
is due to the relative change in screen speed 
as the kilovolts peak factor is varied. 

To simplify technical procedure, the follow- 
ing tabulation of the change in kilovolts peak per 
centimeter, depending on the basic technic, will 
be found useful. 

If the basic technic used calls for kilovolts 
peak values between 30 and 40 kilovolts peak, 
a change of 1 to 1% kilovolts peak per centi- 
meter is usually required; from 40 to 55 kilovolts 
peak, 114 to 2 kilovolts peak per centimeter; 
from 55 to 70 kilovolts peak, 2 to 2% kilovolts 
peak per centimeter; from 70 to 85 kilovolts 
peak, 3 kilovolts peak per centimeter. 

Because comparatively few technical proce- 
dures call for kilovolts peak values under 40 
kilovolts peak or over 85 kilovolts peak, and 
because a certain amount of latitude exists in 
almost every type of work, a good rule to re- 
member in general is that for those areas of the 
body requiring comparatively low kilovolts peak 
values, 2 kilovolts peak per centimeter will be 
found satisfactory. For those areas of the body 
such as the lateral lumbar spine, etc., which 
require higher kilovolts peak values, 3 kilovolts 
peak per centimeter will be found more nearly 
correct. 

One of the greatest difficulties in the con- 
sistent production of diagnostic results is the 
variation in actual tissue opacity between indi- 
viduals. That is, even though the part be care- 
fully measured, there may be a difference of 10 
kilovolts peak or more for a given thickness of 
part. 

Aside from certain pathological conditions, it 
is well known that a fleshy individual would be 
considered less opaque than a muscular individ- 
ual, even though their measured thickness is 
the same. Older individuals, generally speaking, 
are much less opaque to radiation than younger 


people. Wherever atrophy is present, regardless 
of the cause, the general tissue opacity is less 
than when such a condition is not present. 

The kilovolts peak factor should be employed 
as a compensating factor for these variations in 
tissue opacity. Inasmuch as the kilovolts peak 
factor is the only one which changes the qual- 
ity of radiation, the best results are ordinarily 
obtained by compensating for tissue opacity 
by changing kilovolts peak. 

Regardless of the procedure employed, certain 
areas of the body may be particularly affected 
by respiration. These comparatively few areas 
include the chest in all positions, heart, lateral 
dorsal spine, ribs, shoulder, etc. In these areas 
the total density on the film would be materially 
increased at inspiration and materially reduced 
at expiration. A difference of as much as 10 to 
15 kilovolts peak may be required between 
inspiration and expiration in order to maintain 
density. Likewise, contrast will be generally af- 
fected. Usually greater contrast will result re- 
gardless of procedure, if the exposure is made 
at inspiration. In those areas wherein the thick- 
ness of part is materially affected by respiration, 
measurement should always be made at full ex- 
piration, never inspiration. 

Because of the motion of the diaphragm dur- 
ing respiration, certain organs of the body such 
as the stomach, gall bladder, etc., change posi- 
tion between inspiration and expiration. 

Areas of the body such as the antero-posterior 
lumbar spine, kidney, etc., will be benefited ma- 
terially if a compression bag in addition to an 
immobilizing band is used. When the compres- 
sion bag is employed, particularly in the case 
of fleshy or fat individuals, a reduction of as 
much as 10 to 15 kilovolts peak may be neces- 
sary to obtain the desired density. Obviously, re- 
ducing the kilovolts peak to this extent will ma- 
terially improve contrast. Therefore, in measur- 
ing the thickness of part for such areas, the re- 
sult of compression must receive consideration. 

Probably no factor causes as much difficulty 
as motion of the part during exposure. In order 
to reduce the danger of motion as far as possible, 
immobilization should always be utilized when 
practical. Only a few of the illustrations show 
the immobilizing band in place, despite the fact 
that it should be employed in many of them. 
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The reason for this is to provide a more under- 
standable view of the subject. The text accom- 
panying each radiograph designates those areas 
in which compression and immobilization, or 
both, are recommended. 

In general, measurement of part thickness 
should be made between the point of entry and 
exit of the central ray. 

The use of cones is almost a necessity for cer- 
tain areas of the body, particularly the heavier 
parts, and should always be employed when prac- 
tical. However, the use of cones or any method 
whereby the port of entry is limited, makes nec- 
essary certain changes in the technical proce- 
dure. The smaller the port of entry, other factors 
remaining the same, the greater the amount of 
energy required, and the larger the port of entry, 
other factors remaining the same, the less the 
amount of energy required. 

In general, it is advisable to change penetra- 
tion to compensate for the use of cones. This in- 
crease, under certain conditions, may be as much 
as 10 kilovolts peak. Cones are recommended 
with and without the Potter-Bucky diaphragm. 

To change a Potter-Bucky diaphragm pro- 
cedure to one without, either deduct approxi- 
mately 15 kilovolts peak, or use one-fourth the 
milliampere-seconds. To reverse the procedure, 
add 15 kilovolts peak, or use four times the 
milliampere-seconds. The above values depend 
upon the ratio and absorption of the Potter- 
Bucky diaphragm in use, as well as the basic 
technic, and therefore must be considered ap- 
proximate. 

In many instances the focal-film distance given 
in this chapter will be found impractical. This 
applies especially to the longer distances such 
as 40 inches. If the focal-film distance is de- 
creased, it is advisable to reduce milliampere- 
seconds to compensate for density. Thus, for 
the lateral skull with the Potter-Bucky dia- 
phragm, if the focal-film distance is 30 inches 
instead of 40 inches, the milliampere-seconds 
(usually exposure time) is reduced approxi- 
mately 40 per cent. 

A means of identification is considered essen- 
tial to designate the right and left sides and what- 
ever additional information is desired. There are 
many varieties of film markers available for this 


purpose. 
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Infants and Children 


Radiography of infants and children under five 
years of age presents a real problem to even 
the most experienced operator. This applies par- 
ticularly to infants because of negative patient 
co-operation. Because of the lack of co-opera- 
tion, the factor of motion must receive more at- 
tention than for other types of radiography. 

The time of exposure must be such that loss 
of detail due to motion is reduced to the mini- 
mum, this in spite of the fact that it may be 
necessary to sacrifice contrast to a greater or less 
extent, depending upon the apparatus and x-ray 
tube available. For a given exposure time, high 
powered equipment (500 milliamperes) will make 
possible a better end result than low powered 
equipment (30 to 100 milliamperes). This is be- 
cause a higher milliamperage can be employed 
with a correspondingly lower kilovolts peak 
value. 

Regardless of equipment and tube capacity, 
the technical factors employed should be based 
upon exposure values not in excess of 1/10 sec- 
ond, if at all possible. There are exceptions, of 
course, where 2/10 or even 3/10 second can be 
used, but in general such exposure values will 
result in objectionable loss of detail due to mo- 
tion. 

It will be noted that for radiography of adults, 
a milliampere-second procedure is given. For in- 
fants this is not practical. Milliamperage and 
time of exposure must be divided and the time 
factor adjusted to the shortest practical expo- 
sure time, that is, sufficiently short to obviate the 
danger of motion. ! 

The milliampere factor depends primarily on 
the capacity of the energizing apparatus and 
tube rating. The higher the milliamperage the less 
the kilovolts peak, which will result in increased 
contrast. Because of the necessarily short time 
of exposure, the degree of contrast obtainable 
is somewhat limited. 

The distance factor can be of material aid 
in providing better contrast. In general, the ob- 
ject-film distance for infants is less than for 
adults. Therefore, closer focal-film distances can 
be employed when necessary to make possible 
lower kilovolts peak values. This applies particu- 
larly to low and median powered apparatus. 
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Screens are usually employed for all regions, 
except when 200 to 500 milliampere apparatus 
is available, in which case radiography without 
screens is practical for the thinner extremities. 

The special “‘non-screen’”’ film can be used to 
an advantage for extremities because of the lower 
kilovolts peak or faster time in comparison to 
regular film without screens. 

If the apparatus available includes a “speed” 
bucky diaphragm or a stationary grid, and 
sufficient power is provided, better results will be 
obtained through their use in spite of the in- 
crease in kilovolts peak made necessary through 
the use of the grid. 

Except for extremities, cones should be used. 

Tissue opacity of infants is different from that 
of adults. In general, the chest of infants per 
centimeter thickness is more opaque than the av- 
erage adult chest. On the contrary, the skull, 
extremities, abdomen, etc., are less opaque. Con- 
sequently, a separate procedure for infants must 
be used. 

Tissue differentiation is considerably less. To 
provide satisfactory contrast, the kilovolts peak 
value should be as low as possible. One of the 
main reasons for lack of contrast in this type 
of work might be termed over anxiety on the 
part of the operator to “be sure” of obtaining 
something, at least, by over penetrating and un- 
der development. 

As a guide, the following technics may be of 
value: 


Extremities: 50 milliamperes, 1/10 second, 30- 
inch distance, 35 to 50 kilovolts peak 

Chest and Heart: 100 milliamperes, 1/20 sec- 
ond, 36-inch to 40-inch distance, 45 to 60 
kilovolts peak 

Abdomen (not including spine) and Skull: 
100 milliamperes, 1/10 second, 30-inch dis- 
tance, 45 to 60 kilovolts peak 

Spine: 50 to 100 milliamperes, 1/10 second, 
30-inch distance, 45 to 70 kilovolts peak 


The above values are with intensifying screens, 
and without Potter-Bucky diaphragm. Suitable 
compensation is to be made when the Potter- 
Bucky diaphragm or stationary grid is used. 

Even though higher capacity equipment is 
available, kilovolts peak values below 35 are 
not advisable except for a direct soft tissue pro- 
cedure. Kilovolts peak values below 35, even for 
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the thinnest extremities, results in a procedure 
which has very little latitude, and the chance 
of error is materially increased. 

To decrease the possibility of motion in this 
type of work, it is important that the operator 
make all necessary machine settings and then 
delay the exposure, if necessary, until the pa- 
tient quiets down. Obviously, it is necessary to 
watch the patient until this period occurs. 
The ‘quieting down” period is purely relative, 
but a little added time often is the difference 
between a single exposure and several re-takes. 


Preparation of the Technic Chart 


The first consideration in the establishment 
of specific technical factors (milliamperage, time, 
distance, kilovolts peak) is the apparatus avail- 
able. For example, capacity of generator and 
x-ray tube, focal-film distance obtainable, proc- 
essing room conditions, etc. 

The factors of milliampere-seconds and dis- 
tance presented with the illustrations are based 
upon what is generally accepted as satisfactory 
contrast and will be used as constants in the 
preparation of the chart. The kilovolts peak value 
will be used as the variable factor in controlling 
density. 

As a starting point or guide, the kilovolts 
peak value as given in the charts should be used. 
For example, the extremity group is the most 
convenient as a starting point. As the first 
illustration is of the hand, postero-anterior, this 
region will be used for the specific procedure 
to be employed. 

The factors recommended for this region are 
as follows: Without screens, without Potter- 
Bucky diaphragm, 100 milliampere-seconds, 40- 
inch distance, 44 kilovolts peak. The equipment 
available is a full wave 200 milliampere gener- 
ator and a double-focus tube, the focal spot sizes 
of which are 2.2 millimeters and 5.2 millimeters. 
Of the two focal spots, the small one is always 
the one of choice, provided motion can be con- 
trolled, within the time and milliampere limits 
which are established by the tube rating chart, 
bearing in mind that the specific milliampere and 
time factors to be chosen will be used for the 
entire extremity group. 

Referring to the tube rating chart, it will be 
noted that 100 milliamperes for 1 second (100 
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milliampere-seconds) at 46 kilovolts peak could 
be used. The rating chart referred to usually ac- 
companies each tube, and should be followed. 
The factors given are only examples. However, 
if this procedure were chosen, it would be limited 
to only the thinnest extremities, but it is pref- 
erable to establish uniform milliampere and time 
values for the entire extremity group, and fur- 
ther a technic chart should never be established 
at maximum tube ratings. 

To cover the entire extremity group, 50 milli- 
amperes for two seconds (100 milliampere-sec- 
onds) is well within tube limits, and will be the 
specific factors for this group. 

The specific factors for the hand, postero- 
anterior, as given is: Without screens, without- 
Potter-Bucky diaphragm, 50 milliamperes, 2 
seconds, 44 kilovolts peak, 40-inch distance. In 
some instances, a distance of 40 inches is not 
obtainable, in which case the maximum per- 
missible distance should be employed, and the 
kilovolts peak or milliampere-seconds reduced 
accordingly. 

The next step is to measure part thickness. 
Referring again to the factors recommended, it 
will be noted that they are based upon a part 
thickness of 3 centimeters, and further, the 
variation in kilovolts peak per centimeter for 
this part is 3 kilovolts peak. This does not mean 
that it is necessary for a 3 centimeter hand to be 
used. If in preparation of the chart, the hand, 
or any other region, differs in centimeter thick- 
ness from that shown, compensation can be made 
by changing the kilovolts peak accerdingly. In- 
stead of 3 centimeters, the hand of the sub- 
ject employed may have a thickness of 4 centi- 
meters, in which case the starting kilovolts peak 
should be 47 instead of 44. 

Assuming that the above is true, the specific 
factors will be as follows: 50 milliamperes, 2 sec- 
onds, 40-inch distance, 47 kilovolts peak, part 
thickness 4 centimeters. 

Positioning the region according to the illus- 
tration and its description, the first exposure 
is made. The problem is to find by experiment 
the kilovolts peak value which will produce the 
desired density, keeping milliampere-seconds and 
distance constant. This first exposure must of 
necessity be considered a trial exposure. The re- 
sult will be either too light in density, too dark, 
or correct. 
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After the desired density is obtained, and 
providing the resultant contrast is satisfactory, 
the kilovolts peak value is charted, and is the 
baseline technic for this region. 

The procedure without screens is desirable for 
all extremities except knee and shoulder, or most 
regions not exceeding 10 centimeters in thick- 
ness. For regions of greater opacity, the kilovolts 
peak necessary may cause objectionable second- 
ary fog. 

If the special ‘‘non-screen” film is employed. 
radiography without screens can be greatly ex- 
tended due to the decrease in kilovolts peak made 
possible. through its use. 

In addition to procedures without screens, 
it is advisable to have a so-called “emergency” 
technic available. Because the possibility of mo- 
tion is greater in such cases, the time of expo- 
sure must be reduced. This reduction in exposure 
time is accompanied by a lower milliampere- 
second value. Consequently, to provide for ac- 
ceptable quality, intensifying screens must be 
used. The time value is usually 1/20 or 1/10 
second, the milliamperes from 100 to 200. Due 
to the higher milliampere value, the large focal 
spot should be used. 

Having established the technic without screens 
for the hand, the procedure with screens will be 
established in the same manner. For example, the 
factors given are 5 milliampere-seconds, 40-inch 
distance, 38 kilovolts peak, thickness of part, 
3 centimeters. 

To establish the milliampere and time factors, 
reference is again made to the tube rating chart. 
While 100 milliamperes for 1/20 second (5 mil- 
liampere-seconds) could be used for the average 
thickness even with the small focal spot, the 
maximum kilovolts peak rating is not sufficient 
to cover the entire extremity group for all sizes 
of subjects. Thus, if 1/20 second at 100 mil- 
liamperes (5 milliampere-seconds) is chosen, the 
large focal spot is advised. However, if 1/10 sec- 
ond at 50 milliamperes (5 milliampere-seconds) 
is to be used, the small focal spot may be em- 
ployed. 

Assuming that the postero-anterior hand is 
the same thickness as in the procedure without 
screens, namely, 4 centimeters, approximately 
40 kilovolts peak will be used instead of a start- 
ing point of 38 kilovolts peak. 

The time of exposure, 1/20 second at 100 
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milliamperes (5 milliampere-seconds), the dis- 
tance, 40 inches, are then established, and the 
specific starting technic is: 100 milliamperes, 
1/20 second, 40-inch distance, 40 kilovolts peak. 

Again, the solution of the problem is to find 
the kilovolts peak value which will produce the 
desired density, and when found, is the baseline 
technic for this region, with screens. 

To complete the technic chart for the extrem- 
ity group, the charted procedure for the postero- 
anterior hand is used as a guide. For example, 
assume that the kilovolts peak value decided 
upon in the technic without screens for the hand 
is 6 kilovolts peak higher than the suggested 
starting kilovolts peak, the screen technic de- 
cided upon is 4 kilovolts peak higher. 

Under such conditions, 6 kilovolts peak should 
be added to all suggested extremity technics with- 
out screens, and 4 kilovolts peak to all extremity 
technics with screens. 

Just as the hand was used to establish a base- 
line technic for the extremity group, the lateral 
skull is recommended for the head group, the 
pelvis for the spine group, the postero-anterior 
chest for various other positions of the chest and 
heart, the antero-posterior kidney for abdominal 
work, etc. Whatever variation in kilovolts peak 
is found necessary from the starting values given 
for the above regions, the same correction in kilo- 
volts peak should be made for the other regions in 
each group. 

Although this method will not fit every require- 
ment, since individual preferences differ in re- 
spect to density and contrast for particular re- 
gions, it will serve as an excellent guide in estab- 
lishing a baseline technic chart. From this chart, 
the operator may formulate what might be 
termed a “tailor-made” procedure, making such 
changes as may be deemed necessary to produce 
the maximum diagnostic quality for each region, 
depending upon individual desires. If the contrast 
is too great, the milliampere-seconds must be re- 
duced and the kilovolts peak increased to main- 
tain density. To increase contrast, the reverse is 
true. 


A Systematic Radiographic Procedure 
Preliminary Steps 
1. Determine part to be radiographed 
2. Prepare patient, but do not position part 
at this time 
3. Determine if screens, no screens, or “non- 
screen” films are to be used 
4. Determine the number and size of film to 
be used, and have conveniently available. 


Control Stand Factors 


5. Adjust voltage compensator 

6. Set autotransformer to the approximate 
kilovolts peak (consult technic chart) 

7. Set timer to desired time 

8. Set ammeter to give desired milliamperage 


Table Controls and Final Positioning of 
Patient 


9. Select proper cone and attach to tube car- 
riage 

10. Place film in bucky tray or on table and 
place identification marker on film holder 

11. “Cut-in” bucky interlock (if necessary) 

12. Adjust timer bucky mechanism 

13. “Cock” bucky 

14. Inform patient of what is to be done 

15. Measure part thickness 

16. Position patient to film 

17. Position tube to film 

18. Immobilize patient 


Final Steps 


19. Correct kilovolts peak to part thickness or 
other determining factors 

20. Give patient final instructions 

21. Make exposure 

22. Release immobilization and make patient 
comfortable 

23. If no more radiographs are to be taken, 
assist the patient off the table 

24. Process film 


General 


25. The patient should not be made to hold 
any position longer than necessary. 
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Fic. 


Hand, Postero-Anterior 


The hand is placed upon the film holder with 
the palmar surface down, and with the distal end 
of the third metacarpal bone over the center of 
the film holder. The wrist is elevated until the 
palmar surface rests against the film holder, and 
a sandbag is placed over the forearm to im- 
mobilize the hand. The central ray is directed to 
the center of the film holder. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

®@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—3 centimeters 

© Average variation in kilovolts peak from minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

© If the hand is in a dry cast add 5 kilovolts peak 

@ If the hand is in a wet cast add 10 kilovolts peak 

e Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 
100 milliampere seconds, 40-inch distance, 44 kilo- 
volts peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 38 
kilovolts peak 


ee 
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Hand, Oblique 


The oblique position is attained by rotating the 
hand medially from the lateral position until each 
finger tip touches the cassette or exposure holder. 
The distal end of the second metacarpal is placed 
over the center of the film, and a sandbag is 
placed over the forearm. The central ray is di- 
rected to the center of the film. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—4 centimeters 

© Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

© Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 47 kilo- 
volts peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 40 
kilovolts peak 





Fic. 244b 
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Hand, Lateral 


With the forearm resting on the top of the 
table, the hand is placed in the lateral position 
with the distal end of the second metacarpal bone 
over the center of the film. For immobilization, 
the thumb may be supported by a non-opaque ma- 
terial and a sandbag is placed over the forearm. 
The central ray is directed to the center of the 
film holder. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

® Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—6 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

© Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 53 kilo- 
volts peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 44 
kilovolts peak 





Fic. 245b 
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WRIST P.A. 





Fic. 246a 


Wrist, Postero-Anterior 


The forearm is placed on the table with the 
palmar surface of the hand down. The wrist 
is centered to the film by placing the midpoint 
between the styloid processes over the center 
of the film holder and is immobilized by using 
sandbags over the forearm and finger tips. The 
central ray is directed to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—4 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

@ If the wrist is in a dry cast add 5 kilovolts peak 

@ If the wrist is in a wet cast add 10 kilovolts peak 

e Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 47 kilo- 
volts peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 40 
kilovolts peak 








214 2 MEDICAL RADIOGRAPHIC TECHNIC 


SS a 
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Wrist, Oblique 


The wrist is rotated medially from the lateral 
position until it assumes an angle of 45 degrees 
with the film holder. The midpoint between the 
styloid processes is placed over the center of the 
film and sandbags are placed over the forearm 
and fingers to immobilize the part. The central 
ray is directed to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—5 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

@ If the wrist is in a dry cast add 5 kilovolts peak 

e@ If the wrist is in a wet cast add 10 kilovolts peak 

© Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 50 kilo- 
volts peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 42 
kilovolts peak 





Fic. 247b 
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WRIST LATERAL 





Fic. 248a 


Wrist, Lateral 


The forearm is placed on the table laterally, 
with one sandbag over the forearm, and sandbags 
against the fingers for immobilization. The sty- 
loid process of the ulna is placed over the center 
of the film, and the central.ray is directed to 
the center of the film. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—6 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

@ If the wrist is in a dry cast add 5 kilovolts peak 

© If the wrist is in a wet cast add 10 kilovolts peak 

e Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 53 kilo- 
volts peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 44 
kilovolts peak 
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Elbow, Antero-Posterior 


The back of the arm and forearm are placed 
against the film holder and a sandbag is placed 
upon the hand. The midpoint between the epi- 
condyles is placed over the center of the film 
and the central ray is directed to the center of 
the film. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

® Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—7 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
without screens; 12 kilovolts peak with Parspeed 
screens 

@ If the elbow is in a dry cast add 8 kilovolts peak 

© If the elbow is in a wet cast add 12 kilovolts peak 

e Suggested starting technic: 
Without screens, with Potter-Bucky diaphragm, 100 

milliampere-seconds, 40-inch distance, 56 kilovolts 





peak 

With Parspeed screens, without Potter-Bucky dia- Fic. 249b 
phragm, 5 milliampere-seconds, 40-inch distance, 46 
kilovolts peak 
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Elbow, Lateral 


The arm and forearm rest on the film holder. 
When possible, the arm is flexed to approxi- 
mately a 45-degree angle. The hand is turned 
sideways with thumb up. The medial epicondyle 
of the humerus is centered to the film. A sand- 
bag is placed over the wrist for immobilization. 
The central ray is directed to the center of the 
film. 

PROCEDURE 


© Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—8 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
without screens; 12 kilovolts peak with Parspeed 
screens 

@ If the elbow is in a dry cast add 8 kilovolts peak 

© If the elbow is in a wet cast add 12 kilovolts peak 

© Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 59 kilo- 
volts peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 48 
kilovolts peak 
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SEMI—FLEXED 





Fic. 251a 


Elbow, Semi-Flexed 


The arm is placed on the table with the fore- 
arm flexed and supported by sandbags. The 
amount of flexion will depend on the condition 
of the joint. The point midway between the epi- 
condyles is placed over the center of the film 
holder. The central ray is directed to the center 
of the film. 

PROCEDURE 


@ Size of film employed—usually 8 by 10 

®@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—7 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
without screens; 12 kilovolts peak with Parspeed 
screens 

© If the elbow is in a dry cast add 8 kilovolts peak 

© If the elbow is in a wet cast add 12 kilovolts peak 

© Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 100 

milliampere-seconds, 10-inch distance, 56 kilovolts 





With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 46 
kilovolts peak 
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Elbow, Flexed 


With the arm placed on the table, the fore- 
arm is flexed as completely as possible. The 
tube is tilted approximately 30 degrees toward 
the patient’s head. The central ray passes 
through a point about two inches above the end 
of the olecranon process to the center of the 
film. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—9 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
without screens; 12 kilovolts peak with Parspeed 
screens 

© If the elbow is in a dry cast add 8 kilovolts peak 

© If the elbow is in a wet cast add 12 kilovolts peak 





. . e Suggested starting technic: 
— Without screens, without Potter-Bucky diaphragm, 100 
Fic. 252b milliampere-seconds, 40-inch distance, 62 kilovolts 


peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 50 
kilovolts peak 
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SHOULDER REGION ar. 


Fic. 253a 


Shoulder, Antero- 
Posterior 


Position I 

With the patient in the supine position, one 
shoulder is elevated with sandbags to bring the 
shoulder that is to be radiographed directly on 
the film holder. The arm is abducted with the 
palmar surface of the hand upward. A point mid- 
way between the summit of the shoulder and the 
lower margin of the anterior axillary fold is cen- 
tered to the film. The central ray is centered to 
the center of the film. 


PROCEDURE 


@ Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—14 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—15 kilovolts peak 
with Parspeed screens 

@ A cone is recommended for this part 

@ The patient is asked to take in a deep breath and stop 
breathing during the exposure 

e@ If the shoulder is in a dry cast add 8 kilovolts peak 

@ If the shoulder is in a wet cast add 12 kilovolts peak 

© Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
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phragm, 5 milliampere-seconds, 40-inch distance, 60 
kilovolts peak 

With Parspeed screens, Potter-Bucky diaphragm, 25 mil- 
liampere-seconds, 40-inch distance, 56 kilovolts peak 
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Fic. 254a 


Shoulder, Antero- 
Posterior 


Position II 


The region, film, and tube are centered as in 
Position I. The arm is then placed at right 
angles to the median line, with the forearm flexed 
and immobilized. The exposure is made without 
recentering the tube or film holder. This position 
is primarily for radiography of the scapula. 


PROCEDURE 


@ Size of film employed—usually 10 by 12 
® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—14 centimeters 
@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—15 kilovolts peak 
with Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
@ If the shoulder is in a dry cast add 8 kilovolts peak 
@ If the shoulder is in a wet cast add 12 kilvolts peak 
© Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 60 
kilovolts peak 





Fic. 254b 


With Parspeed screens, with Potter-Bucky diaphragm. 
25 milliampere-seconds, 40-inch distance, 56 kilovolts 
peak 
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SHOULDER REGION x-: 





Fic. 255a 


Shoulder, Antero- 


Posterior 


Position III 


The region, film, and tube are centered as in 
Position I. The arm is raised, flexed, and placed 
over the face so that the forearm rests on the 
forehead. The exposure is made without recenter- 
ing tube or film holder. This position is primarily 
for radiography of the scapula. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

®@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—14 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—15 kilovolts peak 
with Parspeed screens 

@ A cone is recommended for this part 

© The patient is asked to take in a deep breath and stop 
breathing during the exposure 

@ If the shoulder is in a dry cast add 8 kilovolts peak 

e@ If the shoulder is in a wet cast add 12 kilovolts peak 

e@ Suggested starting technic: 





With Parspeed screens, without Potter-Bucky dia- Fic. 255b 

phragm, 5 milliampere-seconds, 40-inch distance, 60 

kilovolts peak 25 milliampere-seconds, 40-inch distance, 56 kilovolts 
With Parspeed screens, with Potter-Bucky diaphragm, peak 
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SHOULDER REGION ar. 





Fic. 256a 


Shoulder, Antero- 


Posterior 


Position IV 


The region, film, and tube are centered as in 
Position I. The arm is raised until the hand and 
forearm are above the head. The exposure is 
made without recentering tube or film holder. 
This position is primarily for radiography of the 
scapula. 

PROCEDURE 


© Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—14 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—15 kilovolts peak 
with Parspeed screens 

@ A cone is recommended for this part 

© The patient is asked to take in a deep breath and stop 
breathing during the exposure 

@ If the shoulder is in a dry cast add 8 kilovolts peak 

e If the shoulder is in a wet cast add 12 kilovolts peak 

e@ Suggested starting technic: 

With Parspeed screens, without Potter-Bucky dia- 
Fic. 256b phragm, 5 milliampere-seconds, 40-inch distance, 60 
kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragms, 

25 milliampere-seconds, 40-inch distance, 56 kilovolts 

peak 
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Humerus, Lateral 


The patient may be in the standing or sitting 
position, with the humerus to be examined placed 
against the upright table top or casette changer. 
The opposite arm is raised to avoid superimpo- 
sition. The upper one-third of the humerus is 
centered to the center of the film. The tube is 
tilted approximately 15 degrees toward the pa- 
tient’s head, and the central ray is directed to the 
center of the film. 


Fic. 257b 
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Fic. 257a 


PROCEDURE 


@ Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—30 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—20 kilovolts peak 
with Parspeed screens 

@ A cone is recommended for this part 

@ The patient is asked to take in a deep breath and stop 
breathing during the exposure 

e@ If the shoulder is in a dry cast add 8 kilovolts peak 

@ If the shoulder is in a wet cast add 12 kilovolts peak 

e Suggested starting technic: 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 10 milliampere-seconds, 30-inch distance, 74 
kilovolts peak 

With Parspeed screens, with Potter-Bucky diaphragm, 
50 milliampere-seconds, 30-inch distance, 68 kilovolts 
peak 
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Scapula, Postero-Oblique 


The patient is placed in the lateral position 
with the affected shoulder against the table. By 
rotating the patient forward, the scapula is sep- 
arated from the thorax. The midpoint of the 
vertebral border of the scapula is placed over 
the center of the film. The central ray is directed 
to the center of the film. 


PROCEDURE 


© Size of film employed—usually 10 by 12 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—14 centimeters 
©@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—15 kilovolts peak 
with Parspeed screens 
@A cone is recommended for this part 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
@ If the shoulder is in a dry cast add 8 kilovolts peak 
@ If the shoulder is in a wet cast add 12 kilovolts peak 
© Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 60 
kilovolts peak 


A 


POSTERIOR OBLIOTE 
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With Parspeed screens, with Potter-Bucky diaphragms, 
25 milliampere-seconds, 40-inch distance, 56 kilovolts 


peak 
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Fic. 259a 


Clavicle, Postero-Anterior , 


The patient is placed in the prone position 
with the arms at the sides of the body. The 
midpoint of the clavicle is located over the cen- 
ter of the film. The tube is angled 10 degrees to- 
ward the patient’s feet with the central ray di- 
rected to the center of the film. 


PROCEDURE 


© Size of film employed—usually 10 by 12 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—20 centimeters 
© Average variation in kilovolts peak minimum to 
maximum thickness for this part—15 kilovolts peak 
with Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure Fic. 259b 
© Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 60 
kilovolts peak 50 milliampere-seconds, 40-inch distance, 56 kilovolts 
With Parspeed screens, with Potter-Bucky diaphragm, peak 
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Fic. 260a 


Sterno-Clavicular 
Articulation 


The patient is placed in the prone position and 
rotated slightly so the dorsal spine will not be 
superimposed on the articulation being radio- 
graphed. If the right articulation is to be radio- 
graphed, the right arm and leg are flexed, which 
will enable the patient to maintain this position. 
The articulation is placed over the center of the 
film, and the central ray is directed to the center 
of the film. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—25 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—15 kilovolts peak 
with Parspeed screens 

@ A cone is recommended for this part 

© The patient is asked to take in a deep breath and stop 
breathing during the exposure Fic. 260b 

© A close focal-film distance is used in order to blur out 
the intervening structures, in this case the posterior ribs With Parspeed screens, with Potter-Bucky diaphragm, 
and heart shadow 25 milliampere-seconds, 30-inch distance, 56 kilo- 

© Suggested starting technic: volts peak 
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Fic. 261la 


Toes, Antero-Posterior 


The patient may sit or lie on the table. The 
knee is elevated to form an acute angle. The 
distal end of the third metatarsal bone is placed 
over the center of the film. The central ray is 
directed to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—4 centimeters 

e@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

© If the part is in a dry cast add 5 kilovolts peak 

© If the part is in a wet cast add 10 kilovolts peak 

® Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 100 

milliampere-seconds, 40-inch distance, 44 kilovolts 





With Parspeed screens, without Potter-Bucky dia- Fic. 261b 
phragm, 5 milliampere-seconds, 40-inch distance, 38 
kilovolts peak 
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Fic. 262a 





Fic. 262b 


Toes, Lateral 


The patient is placed in the lateral position 
with the knee elevated and supported by sand- 
bags. The distal end of the fourth metatarsal 
is centered to the center of the film holder, and 
the central ray is directed to the center of the 
film. 

PROCEDURE 


© Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—8 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

@ If the toes are in a dry cast add 5 kilovolts peak 

@ If the toes are in a wet cast add 10 kilovolts peak 

e Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 100 

milliampere-seconds, 40-inch distance, 59 kilovolts 


peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 50 
kilovolts peak 
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Fic. 263a 


Foot, Antero-Posterior 


The patient may lie or sit on the table. With 
the knee flexed at an acute angle, the plantar 
surface of the foot rests on the film holder. The 
proximal end of the second metatarsal is cen- 
tered to the film holder. The tube is tilted 15 de- 
grees toward the patient’s head, and the central 
ray is directed to the center of the film. 

In some cases, to obtain adequate separation 
of the metatarsal bones, it may be necessary to 
use two tube tilts: one, as already described; and 
a second, a tilt of 15 degrees toward the medial 
side of the foot. The central ray is again directed 
to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part—6 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

© If the foot is in a dry cast add 5 kilovolts peak 

@ If the foot is in a wet cast add 10 kilovolts peak 

e Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 100 

milliampere-seconds, 40-inch distance, 50 kilovolts 





Fic. 263b 


With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inck distance, 42 
kilovolts peak 


MEDICAL RADIOGRAPHIC TECHNIC 


231 





232 





Fic. 264b 


a Pat 


Fic. 264a 


Foot, Oblique 


The patient is placed in the lateral position. 
By elevating the heel, the dorsal surface of the 
foot is brought in contact with the film holder. 
The opposite leg is crossed over. A point midway 
between the heel and the great toe is placed over 
the center of the film. The central ray is directed 
to the center of the film. 


PROCEDURE 


© Size of film employed—usually 10 by 12 


© Variation in kilovolts peak per centimeter thickness 


without screens—approximately 3 kilovolts peak 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—7 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

@ If the foot is in a dry cast add 5 kilovolts peak 

© If the foot is in a wet cast add 10 kilovolts peak 

© Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 100 
milliampere-seconds, 40-inch distance, 53 kilovolts 
peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 44 
kilovolts peak 
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Fic. 265a 


Foot, Lateral 


The patient is placed in the lateral position 
with the leg to be radiographed slightly flexed 
and supported by sandbags at the knee. A point 
approximately one-third the distance from the 
end of the great toe to the heel is centered to 
the film holder. The central ray is directed to 
the center of the film. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

© Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

©@ Centimeter thickness of part used in preparation of 
this chart—8 centimeters 

© Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
without screens; 8 kilovolts peak with Parspeed screens 

@ If the foot is in a dry cast add 5 kilovolts peak 

@ If the foot is in a wet cast add 10 kilovolts peak 

© Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 100 
milliampere-seconds, 49-inch distance, 56 kilovolts 
peak 

With Parspeed screens, without Potter-Bucky dia- Fic. 265b 
phragm, 5 milliampere-seconds, 40-inch distance, 46 
kilovolts peak 
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Fic. 266a 


Ankle, Antero-Posterior 


The patient is placed in the supine position 
with the heel resting on the film holder. A sand- 
bag is placed over the knee. The lower tip of 
the internal malleolus is centered over the cross- 
line of the film holder when viewed from the 
side of the table. The point midway between 
the malleoli is centered to the centerline of the 
film holder from the end of the table, and the 
central ray is directed to the center of the film. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

@ Centimeter thickness of part used in preparation of 
this chart—9 centimeters 

e@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
without screens; 12 kilovolts peak with Parspeed 
screens 

@ If the ankle is in a dry cast add 6 kilovolts peak 

@ If the ankle is in a wet cast add 10 kilovolts peak 

e Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 100 

milliampere-seconds, 40-inch distance, 62 kilovolts 


peak 





Fic. 266b 


With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 50 
kilovolts peak 
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: Fic. 267a 


Fic. 267b 





Ankle, Lateral 


The patient is placed in the lateral position. 
The ankle is placed on the film or cassette with 
the external malleolus against the film. The op- 
posite leg is crossed over. The lower tip of the 
internal malleolus is centered to the film holder, 
and the central ray is directed to the center of 
the film. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—7 centimeters 

© Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
without screens; 12 kilovolts peak with Parspeed 
screens 

@ If the ankle is in a dry cast add 6 kilovolts peak 

© If the ankle is in a wet cast add 10 kilovolts peak 

e Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 100 

milliampere-seconds, 40-inch distance, 53 kilovolts 


peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 44 
kilovolts peak 
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Fic. 268a 


External Malleolus 


The patient is placed in the supine position. 
The leg is rotated 45 degrees and maintained in 
position by placing sandbags under the thigh and 
knee. The lower tip of the internal malleolus is 
centered to the crossline of the film holder. 
The central ray is directed to the midpoint be- 
tween the malleoli which is placed over the cen- 
ter of the film. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

® Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—9 centimeters 

© Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
without screens; 12 kilovolts peak with Parspeed 
screens 

@ If the ankle is in a dry cast add 6 kilovolts peak 

@ If the ankle is in a wet cast add 10 kilovolts peak 

e@ Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 100 

milliampere-seconds, 40-inch distance, 62 kilovolts 


peak phragm, 5 milliampere-seconds, 40-inch distance, 50 
With Parspeed screens, without Potter-Bucky dia- kilovolts peak 





Fic. 268b 
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Fic. 269a 


Os Calcis, Infero-Superior 


The patient is placed in the supine position. 
Tension is applied by a bandage wrapped around 
the foot, which also immobilizes the part. The 
tube is angled 45 degrees toward the patient’s 
head, and the central ray is directed through a 
point just above the heel to the center of the 
film holder. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

®@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—7 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
without screens; 12 kilovolts peak with Parspeed 
screens 

@ If the ankle is in a dry cast add 6 kilovolts peak 

@ If the ankle is in a wet cast add 10 kilovolts peak 

e@ Suggested starting technic: 

Without screens, without Potter-Bucky diaphragm, 100 
milliampere-seconds, 40-inch distance, 53 kilovolts 
peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 44 
kilovolts peak 





Fic. 269b 
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Fic. 270a 


Os Calcis, Supero- 
Inferior 


The patient is placed in the prone position 
with a sandbag under the knee. The film holder 
is supported by the table footrest or by sandbags. 
The tube is angled 45 degrees toward the feet. 
This angle may vary with different patients as 
it is determined by the degree of flexion of the 
foot. The central ray is directed through a point 
midway between the ankle and the back of the 
heel. The film is centered to the central ray. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

®@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

® Centimeter thickness of part used in preparation of 
this chart—7 centimeters 

© Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
without screens; 12 kilovolts peak with Parspeed 
screens 

@ If the ankle is in a dry cast add 6 kilovolts peak 

@ If the ankle is in a wet cast add 10 kilovolts peak 

e@ Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 100 
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Fic. 270b 


milliampere-seconds, 40-inch distance, 53 kilovolts 
peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 44 
kilovolts peak 
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Fic. 271a 


Knee, Postero-Anterior 


The patient is placed in the prone position. 
Sandbags are placed under the feet to support 
the toes. The lower margin of the patella is placed 
over the crossline of the film with the midpoint 
between the condyles of the femur over the cen- 
terline. The central ray is directed to the center 
of the film. 

For the antero-posterior view, the patient is 
placed on the table in the supine position. The 
relationship of part to film remains the same as 
for the postero-anterior view. 

For a comparative radiograph, both knees are 
taken on one film with one exposure. 





PROCEDURE Fic. 271b 
| © Size of film employed—usually 10 by 12 e@ Suggested starting technic: 
® Variation in kilovolts peak per centimeter thickness With Parspeed screens, without Potter-Bucky dia- 
with Parspeed screens—approximately 2 kilovolts peak phragm, 5 milliampere-seconds, 40-inch distance, 56 
© Centimeter thickness of part used in preparation of kilovolts peak 
this chart—12 centimeters With Parspeed screens, with Potter-Bucky diaphragm, 
@ If the knee is in a dry cast add 8 kilovolts peak 25 milliampere-seconds, 40-inch distance, 50 kilovolts 
@ If the knee is in a wet cast add 12 kilovolts peak peak 





MEDICAL RADIOGRAPHIC TECHNIC 239 


PATELLA 
Mn TIBIA 


ba n 
Mae ple os 


rT FIBULA 


of ms 
Put a) ee) 
CVE ers Tle, 


mY 





Fic. 272a 


Knee, Lateral 


The patient is placed on the table in the lateral 
position with the affected knee resting on the 
film holder. When viewed from the side of the 
table, the lower margin of the patella is centered 
to the crossline of the film holder, and when 
viewed from the end of the table, the midpoint 
of the knee region is centered to the center of 
the film. With some patients it may be neces- 
sary to tilt the tube from 5 degrees to 10 degrees 
toward the patient’s head in order to obtain sep- 
aration of the joint space. The central ray is di- 
rected to the center of the film. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—10 centimeters 

© Average variation in kilovolts peak minimum to 
maximum thickness for this part—14 kilovolts peak 
with Parspeed screens 

@ If the knee is in a dry cast add 8 kilovolts peak 





@ If the knee is in a wet cast add 12 kilovolts peak Fic. 272b 
e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- With Parspeed screens, with Potter-Bucky diaphragm, 
phragm, 5 milliampere-seconds, 40-inch distance, 52 25 milliampere-seconds, 40-inch distance, 46 kilovolts 
kilovolts peak peak 
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Fic. 273a 


Patella, Infero-Superior 


The patient is placed in the prone position. 
The knee is flexed. Tension is applied on a band- 
age or tape wrapped around the foot as shown 
in the illustration. The tube is angled approxi- 
mately 15 degrees toward the patient’s head. 
The angulation depends on how much the knee 
can be flexed. The central ray passes between 
the patella and the head of the femur. The film 
is centered to the central ray. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—12 centimeters 

@ If the knee is in a dry cast add 8 kilovolts peak 

© If the knee is in a wet cast add 12 kilovolts peak 

© Suggested starting technic: 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 56 
kilovolts peak Fic. 273b 

With Parspeed screens, with Potter-Bucky diaphragm, 

25 milliampere-seconds, 40-inch distance, 50 kilovolts 
peak 
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Fic. 274a 


Atlas and Axis, Antero- 


Posterior 


The patient is placed on the table in the supine 
position with the median line of the body over 
the centerline of the table. The chin is elevated 
until the occlusal surface of the teeth is vertical 
to the table top. With the mouth wide open, the 
film is centered to the separation of the upper and 
lower lip, from the side of the table. The central 
ray is directed to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—16 centimeters. Point of measurement— 
from the corner of the open mouth to the back of the 
neck 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—9 kilovolts peak 
with Parspeed screens 

© Because of the close focal-film distance, use either a 
lead diaphragm or a small short cone 

© The patient is asked to stop breathing and swallowing 
during the exposure Fic. 274b 





e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
50 milliampere-seconds, 20-inch distance, 48 kilo- 
volts peak 
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Fic. 275a 
Cervical Spine, Antero- 
Posterior 


The patient is placed in the supine position 
with the median line of the body over the center- 
line of the table. The chin is elevated until the 
inferior border of the mandible is vertical to 
the table top. With the tube tilted 5 degrees 
toward the patient’s head, the central ray is 
directed to a point on the median line halfway 
between the mandibular symphysis and the supe- 
rior border of the manubrium. The film is cen- 
tered to the central ray. 


PROCEDURE 


© Size of film employed—usually 8 by 10 
®@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—13 centimeters 
@ Average variation in kilovolts peak minimum to 
maximum thickness for th's part—12 kilovolts peak 
with Parspeed screens 
@A cone is recommended for this part 
© The patient is asked to stop breathing and swallowing 
during the exposure 
©® Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 50 kilo- 
volts peak 





Fic. 275b 
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Fic. 276a 


PROCEDURE 


© Size of film employed—usually 8 by 10 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—11 centimeters 
@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—12 kilovolts peak 
with Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to stop breathing and swallowing 
during the exposure 
@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 100 milliampere-seconds, 72-inch distance 
54 kilovolts peak 





Cervical Spine, Lateral 


Whenever possible, a six-foot focal-film dis- 
tance should be employed for this view of 
the cervical spine. The patient may be in 
either the standing or sitting position with 
one shoulder resting against the cassette 
holder. The chin is elevated and the shoulders 
are pulled down and back. A point approxi- 
mately three inches below the external audi- 
tory meatus is placed over the center of the 
film. The central ray is directed to the center 
of the film. 





Fic. 276b 
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Fic. 277a 


Dorsal Spine, Antero- 


Posterior 


The patient is placed on the table in the 
supine position with the arms at the sides. The 
median line of the body is placed over the center- 
line of the table. From the side of the table the 
film is centered to a point on the median line 
halfway between the superior border of the 
manubrium and the inferior tip of the xyphoid 
process. The central ray is directed to the center 
of the film. 

PROCEDURE 


© Size of film employed—usually 14 by 17 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—21 centimeters 
© Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
with Parspeed screens 
e@ If the entire spine is not desired, a small cone is 
recommended 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 64 kilo- 
volts peak 





Fic. 277b 
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PROCEDURE 


@ Size of film employed—usually 14 by 17 
® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—21 centimeters 
@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
with Parspeed screens 
elf the entire spine is not desired, a small cone is 
recommended 
@ The patient is asked to take in a deep breath and stop 
breathing during the exposure 
e Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 64 kilo- 
volts peak 


Dorsal Spine, Antero- 
Posterior, Upright 


The patient is placed in the standing position 
with the back against the table, arms at the sides, 
and with the median line in front of the table 
centerline. From the side of the table the film is 
centered to a point on the median line halfway 
between the superior border of the manubrium 
and the inferior tip of the xyphoid process. The 
central ray is directed to the center of the film. 





Fic. 278b 
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Fic. 279a 


Dorsal Spine, Lateral 


The patient is placed on the table in the lateral 
position wih the back toward the front of the 
table. The knees are flexed and the arms ex- 
tended forward. The long axis of the spine is 
placed over the centerline of the table. A line 
is drawn on the posterior surface between the 
first and twelfth vertebrae. The tube is tilted 
until the central ray bisects this line at right 
angles. The film is centered to the central ray. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—30 centimeters 
@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
with Parspeed screens 
© If the entire spine is not desired, a cone is recom- 
mended 
@ The patient should take in a deep breath and stop 
breathing during the exposure 
e Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 64 kilo- 
volts peak 
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Fic. 280a 


PROCEDURE 


@ Size of film employed—usually 14 by 17 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—30 centimeters 
@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—18 kilovolts peak 
with Parspeed screens 
© If the entire spine is not desired, a cone is recommended 
@ The patient should take in a deep breath and stop 
breathing during the exposure 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 68 kilo- 
volts peak 





Dorsal Spine, Lateral, 


Upright 
The patient is placed in the standing position 
with one side against the table top. The arms 
are brought forward and upward. The long axis 
of the spine is placed over the centerline of the 
table. From the side of the table the film is 
centered to a point halfway between the superior 
border of the manubrium and the inferior tip 
of the xyphoid process. The central ray is di- 

rected to the center of the film. 


Fic. 280b 
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eae Upper Dorsal Spine, 
Oblique, Upright 

The patient is placed in the lateral position 
against the table top. The pelvis is immo- 
bilized with the compression band and the 
shoulders are rotated to the oblique position. 
The upper arm is placed behind the back 
with the hand grasping the side of the table. 
The shoulder next to the table is brought for- 
ward so that a portion of the back rests against 
the table top. The long axis of the spine is 
placed over the table centerline. From the 
side of the table the film is centered to the 
superior border of the manubrium. The cen- 
tral ray is directed to the center of the film. 
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PROCEDURE 


@ Size of film employed—usually 14 by 17 
} ® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
® Centimeter thickness of part used in preparation of 
i this chart—26 centimeters 
® Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
@ If the entire spine is not desired, a cone is recom- 
mended 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 68 kilo- 
volts peak 





Fic. 281b 
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Upper Dorsal Spine, 
Oblique 


The patient is placed in the lateral position 
facing the front of the table. The pelvis is immo- 
bilized with the compression band and the 
shoulders are rotated to the oblique position. The 
upper arm is placed behind the patient’s back 
with the hand grasping the side of the table. 
The shoulder next to the table is drawn out from 
under the patient so that the body rests more 
on the back than on the shoulder. The long 
axis of the spine is placed over the table center- 
line. From the side of the table the film is cen- 
tered to the superior border of the manubrium. 
The central ray is directed to the center of the 
film. 

PROCEDURE 
© Size of film employed—usually 14 by 17 
® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
@ Centimeter thickness of part used in preparation of 
this chart—21 centimeters 
@ Average variation in kilovolts peak minimum to 


maximum thickness for this part—18 kilovolts peak 
with Parspeed screens 
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Fic. 282b 


elf the entire spine is not desired, a small cone is 
recommended 
© The patient is asked to take in a deep breath ar.d stop 
breathing during the exposure 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 64 kilo- 
volts peak 
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Lumbar Spine, Antero- 
Posterior 


The patient is placed in the supine position, 
arms at the side with the median line of the 
body over the centerline of the table. From the 
side of the table the film is centered to a point 
on the median line halfway between the lower 
tip of the xyphoid process of the sternum and 
a line drawn through the anterior superior iliac 
spines. The central ray is directed to the center 
of the film. 

Examination of the radiograph will show that 
there is poor separation of the vertebral bodies, 
due to the natural curvature of the spine. Be- 
cause of this, the above position should be used 
only when it is impractical to manipulate the 
patient. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—18 centimeters. 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 

© If the part is in a dry cast add 8 kilovolts peak 
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@ If the part is in a wet cast add 12 kilovolts peak 

@ A cone is recommended for this part 

© The patient is asked to stop breathing during the ex- 
posure 


© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 58 kilo- 
volts peak 
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Fic. 


Lumbar Spine, Antero- 


Posterior 


The patient is placed in the supine position 
with the arms at the side and the median line 
of the body over the centerline of the table. 
The knees are raised and the shoulders are ele- 
vated (with a pillow). When it is practical to 
manipulate the patient in this manner, it makes 
this position the one of choice, as it tends to 
straighten the natural curvature of the spine, 
thus better demonstrating the intervertebral 
spaces. From the side of the table the film is cen- 
tered to a point halfway between the lower tip 
of the xyphoid process and a line between the 
anterior superior iliac spines. The central ray 
is directed to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 

@ Variation in kflovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

®Centimeter thickness of part used in preparation of 
this chart—20 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
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e@ A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- 
posure 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 62 kilo- 
volts peak 
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Lumbar Spine, Antero- 


Posterior 


The relation of part to film and tube to film 
is the same as explained in the preceding posi- 
tion. Compression is applied at full expiration. 
The degree of compression applied is governed 
by the condition of the patient. The patient 
may breathe during the exposure. It will be 
noted that there is a reduction in kilovolts peak 
because of the reduction in the thickness of the 
part produced by compression. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—18 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
e@ A cone is recommended for this part 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 56 kilo- 
volts peak 
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PROCEDURE 


@ Size of film employed—usually 14 by 17 
® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—18 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
© A cone is recommended for this part 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 58 kilo- 
volts peak 


Lumbar Spine, Antero- 
Posterior, Upright 


The patient is placed in the upright position 
with the back against the tabletop and with 
the median line in front of the table centerline. 
From the side of the table the film is centered 
to a point on the median line halfway between 
the lower tip of the xyphoid process and a line 
between the anterior superior iliac spines. A 
compression bladder and band are used when- 
ever possible. The central ray is directed to the 
center of the film. 





Fic. 286b 





254 


MEDICAL RADIOGRAPHIC TECHNIC 


UD et ew 





Fic. 287a 


Lumbar Spine, Postero- 


Anterior 


With the patient in the prone position, the 
hands are clasped above the head and the median 
line of the body is placed over the centerline 
of the table. The film is centered to the crest 
of the ilium from the side of the table. The 
central ray is directed to the center of the film. 
By taking advantage of the natural curvature 
of the spine, this position is of great value in dem- 
monstrating the intervertebral spaces. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—18 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 

e Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 

200 milliampere-seconds, 40-inch distance, 56 kilo- 


volts peak 
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Fic. 288a 


Lumbar Spine, Lateral 


The patient is placed on the table in the 
lateral position, with the back towards the front 
of the table. The knees are flexed and the arms 
extended for support. The long axis of the spine 
is centered by placing the tips of the spinous 
processes three inches back of the centerline of 
the table. A line may be drawn on the posterior 
surface of the body between the first lumbar 
and the junction of the fifth and sacrum. The 
tube is tilted until the central ray bisects this 
line at right angles. The film is centered to the 
central ray. 

PROCEDURE 

© Size of film employed—usually 14 by 17 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—28 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—24 kilovolts peak with 

Parspeed screens 
@ If the part is in a dry cast add 8 kilovolts peak 
e@ If the part is in a wet cast add 12 kilovolts peak 
@ The patient is asked to stop breathing during the ex- 

posure if poszible 
@ A cone is recommended for this part 
e Suggested starting technic: 

With Parspeed screens, with Potter-Bucky diaphragm, 

300 milliampere-seconds, 40-inch distance, 74 kilo- 
volts peak 
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Lumbar Spine, Lateral, 
Upright 

The patient is placed in the upright position 
with one side resting against the table top. The 
arms are raised and the clasped hands are placed 
over the head. The long axis of the spine is cen- 
tered by placing the tips of the spinous processes 
three inches back of the table centerline. From 
the side of the table the film is centered to the 
crest of the ilium. The central ray is directed to 
the center of the film. Ordinarily no tube tilt is 
required for the upright position. 





Fic. 289b 
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PROCEDURE 


@ Size of film employed—usually 14 by 17 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 
@ Centimeter thickness of part used in preparation in 
this chart—28 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—24 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- 
posure, if possible 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
300 milliampere-seconds, 40-inch distance, 78 kilo- 
volts peak 
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Lumbo-Saeral Articula- 


tion, Antero-Posterior 


The patient is placed in the supine position 
with the median line over the centerline of the 
table. With the tube tilted 15 degrees toward 
the patient’s head, the central ray is directed to 
a point on the median line halfway between the 
superior margin of the pubic symphysis and a 
line between the anterior superior iliac spines. 
The film is centered to the central ray. 


PROCEDURE 


© Size of film employed—usually 10 by 12 
® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—19 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- Fic. 290b 
posure 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 60 kilo- 
volts peak 
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Fic. 291la 


Lumbo-Sacral Articula- 


tion, Lateral 


The patient is placed on the table in the lat- 
eral position. The knees are flexed to assist the 
patient in maintaining the position. A compres- 
sion bladder or a pad of some non-opaque ma- 
terial is placed under the side of the body just 
below the ribs to straighten the spine. A point 
halfway between the anterior superior iliac spine 
and the posterior surface of the sacrum is placed 
over the centerline of the table. From the side of 
the table the film is centered to the anterior 
superior iliac spine. The central ray is directed 
to the center of the film. 

If the lateral coccyx only is desired, the tube 
should be centered approximately two inches 
lower. 

PROCEDURE 


@ Size of film employed-—usually 10 by 12 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—32 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 





Fic. 291b 


© The patient is asked to stop breathing during the ex- 
posure, if possible 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
300 milliampere-seconds, 30-inch distance, 74 kilo- 
volts peak 
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Fic. 292a 


Lumbar Facets, Postero- 
Anterior Oblique 


The patient is placed on the table in the prone 
position with the arms at the sides. If the right 
facets are to be radiographed, the patient is ro- 
tated 45 degrees to the left. This can be done 
by placing the right hand on the side of the 
table and flexing the right knee. This rotates the 
body and furnishes sufficient support to enable 
the patient to maintain the position. The long 
axis of the spine is placed over the centerline of 
the table. From the side of the table the film 
is centered to the crest of the ilium. The central 
ray is directed to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—26 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 





Fic. 292b 
Parspeed screens 
@ A cone is recommended for this part 
© Suggested starting technic: 200 milliampere-seconds, 40-inch distance, 68 kilo- 


With Parspeed screens, with Potter-Bucky diaphragm, volts peak 
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Lumbar Facets, Postero- 


Anterior Oblique, Upright 


The patient is placed in the upright position 
facing the table. If the right facets are to be 
radiographed, the left side of the body rests 
against the table, and the right side is rotated 
until the body forms an angle of 45 degrees with 
the tabletop. The long axis of the spine is placed 
in front of the table centerline. From the side 
of the table the film is centered to the crest of the 
ilium. The central ray is directed to the center 
of the film. 
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PROCEDURE 


© Size of film employed—usually 14 by 17 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—22 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
© A cone is recommended for this part 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 62 kilo- 
volts peak 
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Pelvis, Antero-Posterior 


‘With the patient in the supine position, the 
median line of the body is placed over the cen- 
terline of the table. When the greater trochanters 
are to be included, the feet should be placed so 
that the toes point upward. The film is placed 
crosswise and from the side of the table is cen- 
tered to a point on the median line halfway be- 
tween the superior margin of the pubic symphysis 
and a line drawn through the anterior superior 
iliac spines. When a portion of the lumbar spine 
region is to be included, the film is placed length- 
wise, and from the side of the table is centered 
to a line drawn through the anterior superior 
iliac spines. In both cases the central ray is di- 
rected to the. center of the film. Fic. 294b 





PROCEDURE 


© Size of film employed—usually 14 by 17 mum thickness for this part—18 kilovolts peak with 
@ Variation in kilovolts peak per centimeter thickness Parspeed screens 
with Parspeed screens—approximately 2 kilovolts peak © Suggested starting technic: 
© Centimeter thickness of part used in preparation of With Parspeed screens, with Potter-Bucky diaphragm, 
this chart—20 centimeters 200 milliampere-seconds, 40-inch distance, 58 kilo- 
@ Average variation in kilovolts peak minimum to maxi- volts peak 
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Fic. 295a 


Pelvis, Semi-Lateral, 


Antero-Posterior 


For the right semi-lateral pelvis, the patient 
is placed in the supine position and rotated 
toward the left side until the body is in the semi- 
lateral position. The patient may maintain this 
position by flexing the upper knee and resting 
the foot against sandbags or a compression de- 
vice. The upper arm is brought forward with the 
hand holding the side of the table. The median 
line of the body is placed over the centerline 
of the table. From the side the film is centered 
to a line drawn through the two anterior superior 
iliac spines. The central ray is directed to the 
center of the film. 


PROCEDURE 


© Size of film employed—usually 14 by 17 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—24 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 
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© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 70 kilo- 
volts peak 
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PROCEDURE 


© Size of film employed—usually 14 by 17 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—24 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
e@ A cone is recommended for this part 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 70 kilo- 
volts peak 


Pelvis, Semi-Lateral, 
Antero-Posterior, Upright 


The patient is placed in the upright position 
with one side resting against the tabletop. Both 
hands grasp the front edge of the table. The 
body is rotated until it forms an angle of 45 de- 
grees with the tabletop, with the median line 
placed in front of the table centerline. From the 
side of the table the film is centered to a line 
drawn through the two anterior superior iliac 
spines. The central ray is directed to the center 
of the film. 
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Fic. 297a 


Acetabulum and Head of 
Femur, Antero-Posterior 


The patient is placed in the supine position. 
The feet are supported by sandbags so that the 
toes point upward. To locate the centering point, 
a baseline is drawn between the anterior superior 
iliac spine and the superior margin of the pubic 
symphysis. A second line is drawn toward the 
thigh at right angles to and bisecting the base- 
line. A point on the second line one inch from 
the baseline becomes the centering point and is 
placed over the centerline of the table. The film 
and the central ray are centered to this point. 
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PROCEDURE 


© Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

©@ Centimeter thickness of part used in preparation of 
this chart—20 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 


Parspeed screens 
© A cone is recommended for this part 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 58 kilo- 
volts peak 
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Neck of Femur, Infero- 
Superior 


The following description is based on the use 
of a mobile type x-ray unit, or shock proof 
x-ray tube. 

The cassette, supported by sandbags, is placed 
in contact with the side of the patient just over 
the crest of the ilium in such a manner that it 
will be parallel with the neck of the femur. The 
position of the neck can be determined by draw- 
ing a line from the head of the femur (see posi- 
tion for acetabulum) to the greater trochanter. 
The opposite leg is raised and supported by the 
tube arm and the central ray is directed through 
the upper third of the thigh, bisecting and at 
right angles to the neck of the femur. 





Fic. 298b 


PROCEDURE 


© Size of film employed—usually 10 by 12 Parspeed screens 
© Variation in kilovolts peak per centimeter thickness A cone is recommended for this part 
with Parspeed screens—approximately 2 kilovolts peak © Suggested starting technic: 
© Centimeter thickness of part used in preparation of With Parspeed screens, without Potter-Bucky dia- 
this chart—20 centimeters phragm, 100 milliampere-seconds, 30-inch distance, 
© Average variation in kilovolts peak minimum to maxi- 44 kilovolts peak 
mum thickness for this part—18 kilovolts peak with 
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Coccyx, Antero-Posterior 


The patient is placed in the supine position 
with the median line of the body over the center- 
line of the table. The tube is angled 15 degrees 
toward the patient’s feet and the central ray is 
directed to a point on the median line halfway 
between the superior margin of the pubic sym- 
physis and a line drawn through the anterior 
superior iliac spines. The film is centered to the 
central ray. 


PROCEDURE 


@ Size of film employed—usually 10 by 12 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—22 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 


Parspeed screens 
@ A cone is recommended for this part 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 54 kilo- 
volts peak 





MEDICAL RADIOGRAPHIC TECHNIC 


267 





Spine of Ischium, Antero- 


Posterior 


For the right spine of the ischium, the pa- 
tient is placed in the supine position and rotated 
toward the left side until the body is in the semi- 
lateral position. The patient may maintain this 
position by flexing the upper knee and resting 
the foot against sandbags or the compression de- 
vice. The upper arm is brought forward with 
the hand holding the side of the table. The me- 
dian line of the body is placed over the centerline 
of the table. The tube is tilted 15 degrees to- 
ward the patient’s feet with the central ray di- 
rected to a point on the median line halfway be- 
tween the superior margin of the pubic symphysis 
and the level of the anterior superior iliac spines. 
The film is centered to the central ray. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—16 centimeters 

2 Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 


SPINE OF 
Se 





Fic. 300b 


e@ A cone is recommended for this part 
e Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 52 kilo- 
volts peak 
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Fic. 301a 


Anterior Superior Iliac 
Spine, Antero-Posterior 


For the right anterior superior iliac spine, 
the patient is placed in the supine position and 
rotated toward the left side until the body is in 
the semi-lateral position. The patient may main- 
tain this position by flexing the upper knee and 
resting the foot against sandbags or the com- 
pression device. The upper arm is brought for- 
ward with the hand holding the side of the table. 
After rotating the patient, the anterior superior 
spine nearer the film is placed over the center- 
line of the table. From the side of the table the 
film is centered to the anterior superior iliac 
spine. The central ray is directed to the center 
of the film. 


Fic. 301b 


PROCEDURE 


@ Size of film employed—usually 10 by 12 

. @Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

@ Centimeter thickness of part used in preparation of 
this chart—24 centimeters 

© Average variation in kilovolts peak minimum to maxi- 


mum thickness for this part—18 kilovolts peak 
© A cone is recommended for this part 
© Suggested starting technic: 








With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 62 kilo- 


volts peak 





MEDICAL RADIOGRAPHIC TECHNIC 


269 


SACRO-ILIAC 
ARTICULATION ae. 





Fic. 


Sacro-lliac Articulation, 
Antero-Posterior 


For the right sacro-iliac joint, the patient 
is placed in the supine position and rotated 
toward the left side until the body is in the 
semi-lateral position. The patient may maintain 
this position by flexing the upper knee and rest- 
ing the foot against sandbags or the compres- 
sion device. The upper arm is brought forward 
with the hand holding the side of the table. 
The anterior superior iliac spine of the side of 
the body that is raised from the table top is 
placed over the centerline of the table. From the 
side of the table the film is centered to a line 
drawn through the anterior superior iliac spines. 
The central ray is directed to the center of the 
film. 





Fic. 302b 


PROCEDURE 


© Size of film employed—usually 14 by 17 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—24 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 


Parspeed screens 
@ A cone is recommended for this part 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 70 kilo- 
volts peak 
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Fic. 303b 


Skull, Lateral 


The patient is ‘placed in the prone position 
with the head turned to one side, facing the 
front of the table. One arm is extended along the 
side of the body while the opposite arm, next to 
the front of the table, is flexed and used to sup- 
port part of the body weight. The midpoint be- 
tween the glabella and the occipital protuber- 
ance is placed over the centerline of the table 
and from the side of the table the film is centered 
to the interorbital line. The median plane must 
be horizontal and the interorbital line vertical. 
The central ray is directed to the center of the 
film. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of this 
chart—16 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—10 kilovolts peak with 
Parspeed screens 


© A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- 
posure 
© Suggested starting technic: 
With parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 56-kilo- 
volts peak 
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Fic. 304a 


PROCEDURE 


© Size of film employed—usually 10 by 12 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—19 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- 
posure 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 54 kilo- 
volts peak 


Skull, 


Antero-Posterior 


The patient is placed on the table 
in the supine position with the median 
line over the centerline of the table. 
The chin is depressed until the line 
between the outer canthus of the eye 
and the external auditory meatus is 
vertical to the table top. From the 
side of the table the film is centered 
to the interorbital line and the central 
ray is directed to the center of the 
film. ; 





Fic. 304b 
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Skull, 
Postero-Anterior | 


The patient is placed on the table in 
the prone position with the hands 
folded under the chest, and with the 
median line over the centerline of the 
table. The head rests on the forehead 
and nose with the line between the 
outer canthus of the eye and the exter- 
nal auditory meatus at right angles to 
the table top. From the side of the 
table the film is centered to the outer 
canthus of the eye. The central ray is 
directed to the center of the film. 





Fic. 305a 


PROCEDURE 


@ Size of film employed—usually 10 by 12 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—19 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- 
posure 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 54 kilo- 
volts peak 





Fic. 305b 
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Occipital Bone, Antero- 
Posterior 


The patient is placed in the supine position 
with the arms at the sides, and with the median 
line over the centerline of the table. The chin 
is depressed as far as the condition of the patient 
will permit. From the side of the table the film 
is centered to the occipital protuberance. The 
tube is tilted approximately 35 degrees toward 
the patient’s feet and the central ray is directed 





Pty ys to the center of the film. 
Fic. 306b 
PROCEDURE 

© Size of film employed—usually 10 by 12 @ A cone is recommended for this part 
© Variation in kilovolts peak per centimeter thickness © The patient is asked to stop breathing during the ex- 

with Parspeed screens—approximately 2 kilovolts peak posure 
© Centimeter thickness of part used in preparation of © Suggested starting technic: 

this chart—21 centimeters With Parspeed screens, with Potter-Bucky diaphragm, 
© Average variation in kilovolts peak minimum to maxi- 200 milliampere-seconds, 40-inch distance, 58 kilo- 

mum thickness for this part—14 kilovolts peak volts peak 
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Fic. 307a 


Frontal and Anterior Ethmoid Sinuses, 
Postero-Anterior 


The patient is placed in the prone position 
with the hands under the chest and the fore- 
arms resting on the table. The median plane 
of the head must be over and perpendicular 
to the centerline of the film. The central point 
between the eyebrows is placed over the cen- 
ter of the film. The tube is tilted approxi- 
mately 12 degrees toward the patient’s feet 
and the cone is brought down until it rests 
on the patient’s head. This immobilizes the 
head and automatically centers the central ray 
to the film. 

PROCEDURE 


© Size of film employed—usually 8 by 10 

®@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—18 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 

© The patient is asked to stop breathing during the ex- 


posure 
© Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 





Fic. 307b 


phragm, 50 milliampere-seconds, 30-inch distance, 
56 kilovolts peak 

With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-second, 30-inch distance, 58 kilo- 
volts peak 
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Fic. 308a 


Posterior Ethmoid Sinus, Postero-Anterior 


The patient is placed in the prone position 
with the hands under the chest and the fore- 
arms resting on the table. The median plane 
of the head must be over and perpendicular 
to the centerline of the film. The central point 
between the eyebrows is placed over the cen- 
ter of the film. The head is tilted until the 
line between the external auditory meatus and 
the outer canthus of the eye is at right angles 
to the film. The cone rests lightly on the pa- 
tient’s head and is centered to the film. 


PROCEDURE 


® Size of film employed—usually 8 by 10 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—18 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 

© The patient is asked to stop breathing during the ex- 
posure 

e Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 

phragm, 50 milliampere-seconds, 30-inch distance, 





Fic. 308b 


48 kilovolts peak 

With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 50 kilo- 
volts peak . 





276 


' MEDICAL RADIOGRAPHIC TECHNIC 


Maxillary Sinus, Postero-Anterior 


The patient is placed 
in the prone position 
with the arms at the 
sides. With the full 
weight of the head rest- 
ing on the chin, the 
head is tilted until a 
line between the exter- 
nal auditory meatus and 
and the outer canthus 
of the eye forms an 
angle of 37 degrees with 
the table top. With the 
head in this position, 
the image of the petrous 
portion of the temporal 
bone is below that of 
the maxillary sinuses. 
The film is centered to 
the junction of the nose 
and upper lip. The me- 
dian plane must be over 
and perpendicular to 
the centerline of the 
film. The cone is brought 


Rt eee 
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Fic. 3098 in contact with the patient’s head which im- 
mobilizes the part and automatically directs the 
central ray to the center of the film. 

PROCEDURE 


© Size of film employed—usually 8 by 10 
®@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
@ Centimeter thickness of part used in preparation of 
this chart—20 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
@ The patient is asked to stop breathing during the ex- 
posure 
@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
60 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 62 kilo- 
volts peak Fic. 309b 
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Sinuses, Lateral 


The patient is placed in the prone position 
with the head turned to one side facing the 
front of the table. One arm is extended along the 
side of the body, while the arm at the front 
of the table is flexed and used for support. The 
outer canthus of the eye is placed over the cen- 
ter of the film. The median plane must be 
horizontal. The central ray is directed to the 
center of the film. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
©® Centimeter thickness of part used in preparation of 
this chart—13 centimeters 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—10 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- 
posure 
e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 36-inch distance, 
48 kilovolts peak 








Fic. 310b 


With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 36-inch distance, 50 kilo- 
volts peak 
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Fic. 311la 


Sphenoid Sinus, Supero-Inferior 


The patient is placed on the table in the 
prone position with the arms at the sides 
and with the head resting on the chin. The 
median plane of the head must be over and 
perpendicular to the centerline of the cas- 
sette or table. The chin is extended as far for- 
ward as possible. The tube is tilted toward 
the patient’s feet until the central ray bisects 
a line between the outer canthus of the eye 
and the external auditory meatus, at an 
angle of 100 degrees. The film is centered to 
the central ray. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

©@ Centimeter thickness of part used in preparation of 
this chart—24 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 

© The patient is asked to stop breathing during the ex- 
posure 

e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 

phragm, 100 milliampere-seconds, 30-inch distance, 





Fic. 311b 


58 kilovolts peak 

With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 30-inch distance, 62 kilo- 
volts peak 
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Fic. 312a 


Sphenoid Sinus, Infero-Superior 


The patient is placed in the supine posi- 
tion with the shoulders elevated by sandbags 
or a pillow so that the top of the patient’s 
head rests on the cassette or table top. The 
median plane of the head must be over and 
perpendicular to the centerline of the film. 
The tube is tilted toward the patient’s head 
until the central ray bisects a line between 
the outer canthus of the eye and the external 
auditory meatus at an angle of 100 degrees. 
The film is centered to the central ray. 


PROCEDURE 


© Size of film employed—usually 8 by 10 
© Variation in kilovolts peak per.. centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—24 centimeters 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- 
posure 
e Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 100 milliampere-seconds, 30-inch distance, 
58 kilovolts peak 





Fic. 312b 


With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 30-inch distance, 62 kilo- 
volts peak 
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Fic. 313a 


Sphenoid Sinus, Postero-Anterior, Open Mouth 


The patient is placed in the prone position 
with the arms at the sides and with the head 
resting on the open mouth. The median plane 
must be over and perpendicular to the cen- 
terline of the film. From the side, the cross- 
line of the film is centered to the junction of 
the upper and lower lips. The tube is tilted 
24 degrees toward the patient’s feet and the 
cone is brought down in contact with the pa- 
tient’s head. This will immobilize the head 
and automatically direct the central ray to the 
center of the film. Just before the exposure 
is made, the patient is instructed to open the 
mouth as wide as possible. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—21 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 

© The patient is asked to stop breathing during the ex- 
posure 
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Fic. 313b 


© Suggested starting technic: 


With Parspeed screens, without Potter-Bucky dia- 
phragm, 100 milliampere-seconds, 30-inch distance, 
56 kilovolts peak 

With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 30 inch distance, 58 kilo- 
volts peak 
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Fic. 314a 


Mastoid, Lateral 


The right and left mastoids are usually radio- 
graphed on the same film for comparison. The 
cassette is placed crosswise and the opposite 
half of the film need not be covered with a lead 
mask if a 3-inch cone is used. 

The patient is placed in the prone position, 
head turned to one side, the arms extended along 
the body. If the right mastoiod is to be radio- 
graphed first, the right external auditory meatus 
is placed over the center of one half of the film. 
The head is allowed to assume a relaxed position. 
The tube is tilted 15 degrees toward the pa- 
tient’s feet, the central ray is directed to the 
center of one half of the film. To radiograph 
the other mastoid, the same procedure is used 
on the other half of the film. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—18 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—8 kilovolts peak with 
Parspeed screens 





Fic. 314b 


e@ A 3-inch cone is recommended for this part 

@ The patient is asked to stop breathing during the ex- 
posure 

© Suggested starting technic: 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 50 
kilovolts peak 

With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 54 kilo- 
volts peak 
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Fic. 315a 


Mastoid, Antero-Posterior 


The right and left mastoids are usually radio- 
graphed on the same film. The cassette is used 
crosswise and is elevated by a sandbag, forming 
an angle of 15 degrees with the table top. The 
opposite half of the film need not be covered 
with a lead mask if a 3-inch cone is used. 

The patient is placed in the supine position 
with the median line of the head over the cross- 
line of the cassette. From the side of the table, 
the external auditory meatus is placed over the 
centerline of the cassette. If the left mastoid 
is to be radiographed first, the head is raised and 
rotated to the right approximately 25 degrees. 
The tube is positioned so that the central ray 
will be directed 2 inches from the center of 
the cassette on a line through the external audi- 
tory meatus. The same procedure is used for the 
opposite mastoid. When positioning the patient, 
it is important that the head be raised and 
rotated, not rolled. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—13 centimeters 

© Average variation in kilovolts peak minimum to maxi- 





Fic. 315b 


mum thickness for this part—8 kilovolts peak with 
Parspeed screens 
@A 3-inch cone is recommended for this part (long 
dental cone) 
© The patient is asked to stop breathing during the ex- 
posure 
e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 25 milliampere-seconds, 25-inch distance, 
50 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
50 milliampere-seconds, 25 inch distance, 58 kilo- 
volts peak 
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Fic. 316a 


Petrous Portion of the 
Temporal Bone, Antero- 
Posterior 


The patient is placed on the table in the supine 
position with the median line of the body over 
the centerline of the table. The chin is depressed 
until the line between the outer canthus of the 
eye and the external auditory meatus is at right 
angles to the table top. With the tube tilted 30 
degrees toward the patient’s feet, the central 
ray bisects a line through the skull connect- 
ing the external auditory meati. The film is cen- 
tered to the central ray. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—2 kilovolts peak 

©@ Centimeter thickness of part used in preparation of 
this chart—19 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 

© The patient is asked to stop breathing during the ex- 
posure : 





Fic. 316b 


e Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
56 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 58 kilo- 
volts peak 
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Petrous Portion of the 
Temporal Bone, Postero- 


Anterior 


The patient is placed on the table in the prone 
position with the hands under the chest and the 
forearms resting on the table. The median plane 
of the body is placed over the centerline of the 
table. The head is in the nose-forehead position 
with the line between the outer canthus of the 
eye and the external auditory meatus at right 
angles to the table top. With the tube tilted 30 
degrees toward the patient’s head, the central ray 
bisects a line through the skull connecting the 
external auditory meati. The film is centered to 
the central ray. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—19 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

e@ A cone is recommended for this part 

@ The patient is asked to stop breathing during the ex- 
posure 
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Fic. 317b 


e Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
56 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 58 kilo- 
volts peak 
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Petrous Portion of the 
Temporal Bone, Postero- 
Anterior Oblique 


The patient is placed on the table in the prone 
position with one arm at the side and one arm 
used for support. The head is rotated 45 degrees, 
the external auditory meatus nearest the film is 
located over the table centerline. If the left 
petrous portion is desired, the left external audi- 
tory meatus is the one that is placed closer to the 
film and over the table centerline. A line pro- 
jected through the external auditory meatus and 
the outer canthus of the eye is at right angles to 
the table top. The tube is tilted 12 degrees toward 
the patient’s head. The central ray passes through 
the skull level with the outer canthus of the eye. 
The film is centered to the central ray. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—19 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 


¢ 





Fic. 318a 





Fic. 318b 


© The patient is asked to stop breathing during the ex- 
posure 
e Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
56 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 58 kilo- 
volts peak 
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Fic. 319a 





Fic. 319b 


Petrous Portion of the 
Temporal Bone, Antero- 
Posterior Oblique 


The patient is placed in the supine position 
with the median line of the body over the center- 
line of the table. If the left petrous portion is to 
be radiographed, the head is rotated to the right 
45 degrees. The midpoint of the line between 
the outer canthus of the eye and the external 
auditory meatus is placed over the centerline 
of the table. The tube is tilted 15 degrees toward 
the patient’s feet and the central ray is directed 
to the midpoint of the above line. The film is 
centered to the central ray. 


PROCEDURE 


@ Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—19 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

© A cone is recommended for this part 


@ The patient is asked to stop breathing during the 
exposure 
© Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
56 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 58 kilo- 
volts peak 
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Fic. 320a 


Optic Foramen, Postero- 
Anterior Oblique 


Both foramina are usually radiographed on 
the same film for comparison. When a 3-inch 
cone is employed, it is unnecessary to use a lead 
mask to protect that half of the film not being 
exposed. 

With the patient in the prone position, one 
arm is flexed and used for support while the op- 
posite arm is at the side. The head is rotated 
30 degrees and the center of the orbit is placed 
over the center of one half of the film. The zy- 
gomatic arch and the upper border of the orbit 
must rest firmly on the cassette. The central 
ray is centered to one half of the film. The same 
procedure is used for the opposite foramen. 





Fic. 320b 


PROCEDURE 


® Size of film employed—usually 8 by 10 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—19 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

@ A 3-inch cone is recommended for this part 
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© The patient is asked to stop breathing during the ex- 
posure 
e Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
58 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 60 kilo- 
volts peak 
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Fic. 321a 





Fic. 321b 


Zygomatic Arch, 


Infero-Superior 


The patient is placed in the supine position 
with the shoulders elevated by sandbags so that 
the top of the head rests on the film holder. 
From the side of the table the tube is tilted until 
the central ray bisects at right angles a line 
drawn between the external auditory meatus 
and the outer canthus of the eye. The tilt of the 
tube will be determined by the plane of the above 
line. From the end of the table the patient’s 
head is rotated slightly so that the central ray 
will contact the body of the mandible and the 
side of the skull as shown in the illustration. The 
film is centered to the central ray. 


PROCEDURE 


© Size of film employed—usually 8 by 10, placed cross- 
wise to the long axis of the table 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—12 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—10 kilovolts peak with 
Parspeed screens 

© The use of a cone is recommended for this part 
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© The patient is asked to stop breathing during the ex- 
posure 
e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
50 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 52 kilo- 
volts peak 
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Fic. 322a 


Nose, Lateral 


The patient is placed in the prone position 
with the head turned to one side. An occlusal 
film is placed under the nose and is supported 
by sandbags. The central ray is directed to the 
base of the bridge of the nose. 





Fic. 322b 
PROCEDURE 
@ Size of film employed—usually 2%4 by 3 (occlusal) @ The patient is asked to stop breathing during the ex- 
® Variation in kilovolts peak per centimeter thickness posure 
without screens—approximately 3 kilovolts peak e@ Suggested starting technic: 
© Centimeter thickness of part used in preparation of Without screens, without Potter-Bucky diaphragm, 25 
this chart—3 centimeters milliampere-seconds, 40-inch distance, 50 kilovolts 
@ A cone is recommended for this part peak 
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Fic. 323a 


Nose, Lateral 


The patient is placed in the prone position with 
the head in the lateral position. This may best 
be accomplished by having the patient place 
one arm at the side while the opposite arm is 
flexed, using the fist to support the chin, The 
median line of the head must be horizontal and 
the interorbital line vertical to the table top. The 
film is centered to the interorbital line from the 
side of the table, and to the base of the bridge 
of the nose from the end of the table. The 
central ray is directed to the center of the 
film. 





Fic. 323b 
PROCEDURE 

e Size of film employed—usually 8 by 10 © The patient is asked to stop breathing during the ex- 
© Variation in kilovolts peak per centimeter thickness posure 

without screens—approximately 3 kilovolts peak © Suggested starting technic: 
° Centimeter thickness of part used in preparation of Without screens, without Potter-Bucky diaphragm, 50 

this chart—3 centimeters milliampere-seconds, 40-inch distance, 50 kilovolts 
© A cone is recommended for this part peak 
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Fic. 324a 


Nasal Bones, Supero- 
Inferior 


The patient is placed on the table in the supine 
position with the head supported by sandbags. 
An occlusal film is held firmly in the mouth. 
The tube is placed at 90 degrees to the plane of 
the film, and the central ray is directed along the 
median line of the head just above the frontal 
prominence. 


PROCEDURE 


© Size of film employed—2%4 by 3 (occlusal) 
@ Variation in kilovolts peak per centimeter thickness 
without screens—2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—S centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—4 kilovolts peak with- 
out screens 
e@ A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- 
posure 
@ Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 50 
milliampere-seconds, 30-inch distance, 55 kilovolts 
peak Fic. 324b 
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Fic. 325a 





Fic. 325b 


Jaw, Ramus 


The end of the cassette nearest the shoulder 
of the patient is elevated two to three inches with 
a sandbag. The patient is placed in*the lateral 
position, arm under the body, with the jaw 
to be radiographed next to the film. With the 
chin elevated, the median line of the head is par- 
allel and the interorbital line vertical to the 
cassette. When viewed from the side of the table 
the centerline of the cassette should fall directly 
beneath the separation of the lips, and when 
viewed from the end of the table the crossline 
should fall beneath the angle of the mandible. 
The tube is tilted approximately 15 degrees to- 
ward the patient’s head and the central ray is 
directed to the center of the film. 


PROCEDURE 


© Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—11 centimeters through lower jaw 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—8 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 
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© The patient is asked to stop breathing during the ex- 
posure 
e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
40 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 42 kilo- 
volts peak 
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Fic. 326a 


Jaw, Ramus 


The end of the cassette nearest the shoulder 
of the patient is elevated two to three inches with 
a sandbag. The patient is placed in the supine 
position, with the head turned to one side fac- 
ing the front of the table. The shoulder next 
to the back of the table is elevated with a sand- 
bag. With the chin elevated, the median line of 
the head is parallel, and the interorbital line 
vertical to the cassette. When viewed from the 
side, the centerline of the cassette should fall 
directly beneath the separation of the lips, and 
when viewed from the end the crossline should 
fall beneath the angle of the mandible. The tube 
is tilted approximately 20 degrees toward the 
patient’s head and the central ray is directed 
to the center of the film. 





Fic. 326b 


PROCEDURE 


© Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—11 centimeters through lower jaw 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—8 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 
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© The patient is asked to stop breathing during the ex- 
posure : 
@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
40 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 42 kilo- 
volts peak 
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Fic. 327b 





Fic. 327a 


Jaw, Mandible 


The end of the cassette next to the patient’s 
shoulder is elevated two to three inches with a 
sandbag. The patient is placed in the prone posi- 
tion with the jaw to be radiographed next to the 
film. Let the patient come to rest in a most 
comfortable position. This will give the operator 
correct rotation for the lower jaw. The chin is 
elevated to avoid superimposition of the mandible 
over the cervical spine. When viewed from the 
side of the table the centerline of the cassette 
should fall directly beneath the separation of 
the lips, and when viewed from the end the cross- 
line should fall beneath the angle of the man- 
dible. The tube is tilted approximately 15 degrees 
toward the patient’s head and the central ray is 
directed to the center of the film. 


PROCEDURE 


® Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—11 centimeters through lower jaw. 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—8 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 


© The patient is asked to stop breathing during the ex- 
posure 
© Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
40 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 42 kilo- 
volts peak 
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Fic. 328a 


Jaw, Upper 


The end of the cassette next to the patient’s 
shoulder is elevated two to three inches with a 
sandbag. The patient is placed in the lateral po- 
sition lying directly on one shoulder. The arm 
nearer the tube is pulled forward and used for 
support. This places the patient in a slightly 
oblique position. The head rests on the cheek, 
nose, and chin. When viewed from the side, the 
centerline of the cassette should fall beneath the 
separation of the lips, and when viewed from 
the end, the crossline should fall beneath the 
angle of the mandible. The mandible farthest 
away from the film must be in the vertical po- 
sition. The tube is tilted approximately 15 de- 
grees toward the patient’s head and the central 
ray is directed to the center of the film. 





Fic. 328b 


PROCEDURE 


@ Size of film employed—usually 8 by 10 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—16 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 


© The patient is asked to stop breathing during the ex- 
posure 
e Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
56 kilovolts peak 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 58 kilo- 
volts peak 
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Fic. 329a 


Jaw, Postero-Anterior 


The patient is placed in the prone position 
with the hands under the chest. The median line 
of the head is located over the centerline of the 
table. The line between the outer canthus of 
the eye and the external auditory meatus must 
be vertical to the table top. The film is centered 
to the junction of the upper and lower lips from 
the side of the table. The central ray is directed 
to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
® Centimeter thickness of part used in preparation of 
this chart—16 centimeters. 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—14 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
@ The patient is asked to stop breathing during the ex- 
posure 
e Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
56 kilovolts peak 





Fic. 329b 


With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 58 kilo- 
volts peak 
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Fic. 330a 


Temporo-Mandibular 
Articulation, Lateral 


The patient is placed in the prone position 
with one arm at the side and the other arm used 
for support. With the head resting in a natural 
and relaxed manner, the external auditory meatus 
is placed over the table centerline. The film is 
centered to the same landmark from the side 
of the table. The tube is tilted 20 degrees toward 
the patient’s feet, and the central ray is directed 
to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 8 by 10 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—18 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—8 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to stop breathing during the ex- 
posure 
e Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 50 milliampere-seconds, 30-inch distance, 
54 kilovolts peak 
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Fic. 330b 


With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 30-inch distance, 58 kilo- 
volts peak 
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Fic. 331a 


Maxilla, Supero-Inferior 


With the patient in the supine position, the 
head is supported by sandbags until the occlusal 
surface of the upper teeth is vertical to the table 
top. An occlusal film is put in the mouth as far 
as possible. The tube is tilted 65 degrees toward 
the feet, and the central ray is directed to the 
junction of the nose and upper lip. 


PROCEDURE 


@ Size of film employed—2%4 by 3 (occlusal) 

© Variation in kilovolts peak per centimeter thickness 
without screens—3 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—7 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—4 kilovolts peak 
without screens 

@ A cone is recommended for this part 

@ The patient is asked to stop breathing during the 
exposure 

e@ Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 50 

milliampere-seconds, 22-inch distance, 55 kilovolts 


peak 





Fic. 331b 


MEDICAL RADIOGRAPHIC TECHNIC 299 


MANDIBULAR 
SYMPHYSIS 





Fic. 332a 


Mandibular Symphysis 


The patient is placed in the supine position 
with the head supported by a sandbag. An 
occlusal film is taped against the inferior border 
of the mandible. The tube is tilted until the cen- 
tral ray forms an angle of 45 degrees with the 
mandibular symphysis. The central ray is di- 
rected to a point on the median line halfway 
between the tip of the chin and the lower lip. 


PROCEDURE 


© Size of film employed—2%4 by 3 (occlusal) 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—4 centimeters 

@ Average variation in kilovolts peak minimum to 
maximum thickness for this part—4 kilovolts peak 
without screens Fic. 332b 

@A cone is recommended for this part 

@ The patient is asked to stop breathing during the 
exposure 

e Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 25 

milliampere-seconds, 22-inch distance, 55 kilovolts 


peak 
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Fic. 333a 


Mandibular Symphysis 


The patient is placed in the supine position 
with the head supported by a sandbag. The pa- 
tient holds an occlusal film against the inferior 
border of the mandible. The tube is tilted until 
the central ray forms an angle of 45 degrees with 
the mandibular symphysis. The central ray is 
directed to a point on the median line halfway 
between the tip of the chin and the lower lip. 


PROCEDURE 


© Size of film employed—2% by 3 (occlusal) 

@ Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 

©@ Centimeter thickness of part used in preparation of 
this chart—4 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—4 kilovolts peak without 





screens 
@ A cone is recommended for this part 
Fic. 333b @ The patient is asked to stop breathing during the 
exposure 


e@ Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 
25 milliampere-seconds, 22-inch distance, 55 kilovolts 
peak 
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Fic. 334a 


Mandibular Symphysis, 


Infero-Superior 


The patient is placed on the table in the supine 
position with the back of the head resting on 
the table. An occlusal film is put in the mouth as 
far as possible. The tube is tilted until the cen- 
tral ray is at 90 degrees to the occlusal plane. 
The central ray is directed to the inferior border 
of the mandibular symphysis. 


PROCEDURE 


© Size of film employed—2'%4 by 3 (occlusal) 
® Variation in kilovolts peak per centimeter thickness 
without screens—approximately 3 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—4 centimeters 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—4 kilovolts peak without 
screens 
@ A cone is recommended for this part 
@ The patient is asked to stop breathing during the 
exposure 
e@ Suggested starting technic: 
Without screens, without Potter-Bucky diaphragm, 25 
milliampere-seconds, 22-inch distance, 55 kilovolts 
peak 





Fic. 334b 
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Fic. 335a 


Chest, Postero-Anterior, Upright 


The patient is placed in the upright position 
facing the cassette holder. The median line of 
the body is located over the centerline of the 
film. The chin is raised and rests on top of 
the cassette holder. The acromion processes 
should be positioned 2 to 3 inches below the 
upper corner of the cassette. The elbows are 
flexed with the back of the hands resting on 
the hips, and the shoulders are brought for- 
ward as far as possible. The central ray is 
directed to the center of the film. 


PROCEDURE 


© Size of film employed—usually 14 by 17 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—20 centimeters. This thickness is measured 
at full expiration . 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 

© The patient is asked to take in a deep breath and stop 
breathing during the exposure 

e@ Suggested starting technic: 

Fic. 335b With Parspeed screens, without Potter-Bucky dia- 

phragm, 10 milliampere-seconds, 72-inch distance, 

60 kilovolts peak 
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Fic. 336a 


Chest, Left Lateral, Upright 


With the patient in the upright position, 
the arms are extended over the head, and the 
left side of the body is placed in contact with 
the cassette holder. The cassette holder is 
adjusted to the same height as is used for 
the postero-anterior chest. A point on the 
side of the body midway between the sternum 
and the tips of the spinous processes is cen- 
tered to the centerline of the film. The central 
ray is directed to the center of the film. 


PROCEDURE 


© Size of film employed—usually 14 by 17 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

®@ Centimeter thickness of part used in preparation of 
this chart—30 centimeters. This thickness is measured 
at full expiration 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 

@ The patient is asked to take in a deep breath and stop 
breathing during the exposure 

e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 

phragm, 20 milliampere-seconds, 72-inch distance, 
Fic. 336b 66 kilovolts peak 








304 MEDICAL RADIOGRAPHIC TECHNIC 


CHEST 


it ihe ee eS 


Fic. 337a 





Chest, Semi-Lateral, Upright 


Ordinarily the left side of the body is 
placed next to the film. The cassette holder 
is adjusted to the same height as is used for 
the postero-anterior chest. The patient is 
placed in the upright position before the cas- 
sette holder in the semi-lateral position. The 
left side is placed against the cassette holder, 
with the left arm at the side, palm outward. 
The median plane of the body forms an angle 
of 45 degrees with the film. The right arm 
rests on top of the cassette holder. The central 
ray is directed to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—26 centimeters. This thickness is measured 
at full expiration 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 20 milliampere-seconds, 72-inch distance, 
58 kilovolts peak 











Fic. 337b 
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Chest Apices, Postero-Anterior, Upright 


CHEST APICES +a. 


The patient is placed in the up- 
right position facing the cassette 
holder. The median line of the body 
is placed over the centerline of the 
film. The chin is extended and rests 
on top of the cassette holder. The 
acromion processes should be posi- 
tioned 2 to 3 inches below the upper 
corner of the cassette. The arms are 
flexed slightly with the back of the 
hands against the hips. The tube is 
tilted up 10 degrees from the hori- 
zontal and the central ray is directed 
to the center of the film. Angulation 
of the tube in this manner will pro- 
ject the apices above the clavicles. 





Fic. 338a 


PROCEDURE 


© Size of film employed—usually 14 by 17, placed cross- 
wise the patient 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—20 centimeters. This thickness is measured 
at full expiration. 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 

@ The patient is asked to take in a deep breath and stop 
breathing during the exposure 

e@ Suggested starting technic: 

With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 56 kilo- 
volts peak 

With Parspeed screens, without Potter-Bucky dia- 
phragm, 5 milliampere-seconds, 40-inch distance, 
52 kilovolts peak 





Fic. 338b 
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Fic. 339a 


Ribs, Above Diaphragm, 
Postero-Anterior 


The patient is placed on the table in the prone 
position with the median line of the body over 
the centerline of the table. From the side of the 
table the film is centered to the inferior angle 
of the scapula. The central ray is directed to 
the center of the film. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—20 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—15 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part Fic. 339b 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
e Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
25 milliampere-seconds, 40-inch distance, 60 kilovolts 
peak 
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Fic. 340a 


Ribs, Above Diaphragm, 
Antero-Posterior 


The patient is placed in the supine position 
with the median line of the body over the center- 
line of the table. From the side of the table the 
film is centered to the inferior tip of the xyphoid 
process. The central ray is directed to the center 
of the film. 


PROCEDURE 


© Size of film employed—usually 14 by 17 
® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—20 centimeters 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—15 kilovolts peak with 
Parspeed screens 
@ A cone is recommended for this part 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
25 milliampere-seconds, 40-inch distance, 60 kilovolts 
peak 
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Fic. 340b 
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Fic. 341a 


Ribs, Below Diaphragm, 
Antero-Posterior 


The patient is placed on the table in the 
supine position with the median line of the body 
over the centerline of the table. From the side 
of the table the film is centered to a point on 
the median line three inches below the inferior 
tip of the xyphoid process. The central ray is 
directed to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 14 by 17, placed cross- 
wise the patient 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thitkness of part used in preparation of 
this chart—18 centimeters 
@ Average variation in kilovolts peak minimum to maxi- 
Fic. 341b mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 54 kilo- 
volts peak 
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Fic. 342a 


Sternum, Lateral 


The patient is placed on the lateral position 
with the arms behind the back, and with the 
sternum over the centerline of the table. From 
the side of the table the film is centered to a 
point halfway between the sternal notch and the 
inferior tip of the xyphoid process. The tube is 
tilted 5 degrees toward the patient’s head, and 
the central ray is directed to the center of the 
film. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—30 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—15 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 

© The patient is asked to take in a deep breath and stop 
breathing during the exposure 

e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 

100 milliampere-seconds, 40-inch distance, 64 kilo- 
Fic. 342b volts peak 
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Fic. 343a 


Sternum, Postero- 
Anterior Oblique 


The patient is placed in the prone position with 
the median line of the body over the centerline 
of the table. The body is rotated slightly on the 
left side so that there will not be superimposition 
of the dorsal spine. The film is centered to the 
middle of the sternum from the side of the table. 
The central ray is directed to the center of the 
film. 

PROCEDURE 


© Size of film employed—usually 10 by 12 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—25 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—15 kilovolts peak with 
Parspeed screens 

© A cone is recommended for this part 

© The patient is asked to take in a deep breath and stop 
breathing during the exposure 

e Suggested starting technic: 2 a 
With Parspeed screens, with Potter-Bucky diaphragm, Fic. 343b 

25 milliampere-seconds, 30-inch distance, 60 kilovolts 18. 


peak 
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Fic. 344a 


Heart, Postero-Anterior, Upright 


Fic. 344b 





The patient is placed in the upright posi- 
tion facing the cassette holder. The median 
line of the body is placed over the centerline 
of the film. The chin is raised and rests on 
top of the cassette holder. The acromion proc- 
esses should be positioned 2 to 3 inches below 
the upper corner of the cassette. The elbows 
are flexed with the back of the hands resting 
on the hips and the shoulders brought for- 
ward as far as possible. The central ray is 
directed to the center of the film. 


PROCEDURE 


® Size of film employed—usually 14 by 17 
® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—20 centimeters 
® Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 10 milliampere-seconds, 72-inch distance, 
62 kilovolts peak 
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Fic. 345a 


Heart, Lateral, Upright 


Ordinarily the left side of the patient is 
placed next to the film. With the patient in the 
upright position, the arms are extended over 
the head, and the side of the body is placed 
in contact with the cassette holder. The cas- 
sette holder is adjusted to the same height as 
used for the postero-anterior heart. A point 
on the side of the body, midway between the 
sternum and the tips of the spinous processes 
is centered to the centerline of the film. The 
central ray is directed to the center of the 
film. 

PROCEDURE 


© Size of film employed—usually 14 by 17 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—30 centimeters. This thickness is measured 
at full inspiration 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
@ A cone is recommended for this part 4 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, Fic. 345b 
20 milliampere-seconds, 40-inch distance, 66 kilovolts 
peak 
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Fic. 346a 


Heart, Left Oblique, 


The patient is placed in the lateral position, 
left side against the cassette holder. The cas- 
sette holder is adjusted to the same height as 
for the postero-anterior heart, The shoulders 
are turned forward as far as possible without 
turning the hips, which remain at right angles 
to the plane of the film. The left arm remains 
at the patient’s side with the palm turned out- 
ward. The right arm is raised and rests on top 
of the cassette holder. The patient’s chest is 
centered to the film. The central ray is di- 
rected to the center of the film. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—26 centimeters 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens ; 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
e@ Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 20 milliampere-seconds, 72-inch distance, 62 
kilovolts peak 
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Fic. 346b 





314 


MEDICAL RADIOGRAPHIC TECHNIC 


aa RICHT OBLiauE 





Fic. 347a 


Heart, Right Oblique, Upright 


The patient is placed in the lateral position 
with the right side of the chest against the 
cassette holder. The cassette holder is ad- 
justed to the same height as used for the 
postero-anterior heart. The shoulders are 
turned forward as far as possible without turn- 
ing the hips, which remain at right angles to 
the plane of the film. The right hand grasps 
the side of the cassette holder and the left arm 
is raised and rests on top of the cassette 
holder. The patient’s chest is centered to the 
film. The central ray is directed to the center 
of the film. 

PROCEDURE 


@ Size of film employed—usually 14 by 17 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—26 centimeters 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 
© The patient is asked to take in a deep breath and stop 
breathing during the exposure 
© Suggested starting technic: 
With Parspeed screens, without Potter-Bucky dia- 
phragm, 20 milliampere-seconds, 72-inch distance, 
62 kilovolts peak 





Fic. 347b 
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Fic. 348a 


Kidneys, Ureters, Urinary 
Bladder (K.U.B.), Antero- 


Posterior 


The patient is placed on the table in the supine 
position with the arms at the sides. The median 
line of the body is located over the table center- 
line. From the side of the table the film is cen- 
tered to a point on the median line halfway 
between the inferior tip of the xyphoid process 
and a line through the anterior superior iliac 
spines. The central ray is directed to the center 
of the film. 


PROCEDURE 

© Size of film employed—usually 14 by 17, long dimen- 
sion of the film lengthwise the patient 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—20 centimeters. The measurement is made 
without compression band or compression bladder 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 

@ The patient is asked to stop breathing during the 
exposure 

e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
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Fic. 348b 


200 milliampere-seconds, 40-inch distance, 54 kilo- 
volts. peak 


Courtesy of James T. Case, M.D., Passavant Hospital, Chicago 
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Kidney, Antero-Posterior 


The patient is placed in the supine position 
with the arms at the sides and with the median 
line over the table centerline. From the side of 
the table the film is centered to the arch of the 
ribs. The central ray is directed to the center 
of the film. Compression is recommended. 


PROCEDURE 


@ Size of film employed—usually 14 by 17, long dimen- 
sion of the film lengthwise the body 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—18 centimeters. This measurement is made 
with the compression band and compression bladder 
in position 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
© The patient is asked to stop breathing during the 
exposure 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 54 kilo- 
volts peak 
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Fic. 349b 
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Fic. 350a 


Urinary Bladder, Antero- 
Posterior 


The patient is placed in the supine position 
with the arms at the side and with the median 
line over the table centerline. The tube is tilted 
15 degrees toward the patient’s feet and the 
central ray is directed to the superior border of 
the pubic symphysis. The film is centered to the 
central ray. 


PROCEDURE 


@ Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—20 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 


@ The patient is asked to stop breathing during the 
exposure Fic. 350b 





© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 60 kilo- 
volts peak 


Courtesy of James T. Case, M.D., Passavant Hospital, Chicago 


318 MEDICAL RADIOGRAPHIC TECHNIC 


SU ee 





Fic. 351a 


Esophagus, Postero- 


Anterior 


The patient is placed in the prone position 
with the median line over the table centerline. 
From the side of the table the film is centered 
to a point halfway between the thyroid cartilage, 
or Adam’s apple, and the lower tip of the xyphoid 
process. The central ray is directed to the center 


of the film. 
PROCEDURE 


@ Size of film employed—usually 14 by 17, long dimen- 
sion of the film lengthwise the body 

@ Variation in kilovolts peak per centimeter thicknes: 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—18 centimeters. This measurement is made 
at the upper margin of the sternum 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 

@ The patient is asked to stop breathing during the 











rs Fs Pe thy exposure 
PI LIES (Jct Pes CS eae , J e@ Suggested starting technic: 
4 Jf ‘A Z sid? fi J ttt cst cs 4 With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 62 kilo- 
Fic. 351b volts peak 


Courtesy of James T. Case, M.D., Passavant Hospital, Chicago 
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Fic. 352a 


Esophagus, Oblique 


The patient is placed in the postero-anterior 
oblique position. The spine is located to the im- 
mediate rear of the table centerline. From the 
side of the table the film is centered to a point 
halfway between the thyroid cartilage, or Adam’s 
apple, and the lower tip of the xyphoid process. 
The central ray is directed to the center of the 
film, 


PROCEDURE 


@ Size of film employed—usually 14 by 17, long dimen- 
sion of film lengthwise the body 
®@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
©@ Centimeter thickness of part used in preparation of 
this chart—22 centimeters. The measurement is made 
at the upper margin of the sternum 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—18 kilovolts peak with 
Parspeed screens 
@ The patient is asked to stop breathing during the 
exposure 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 62 kilo- 
volts peak 
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Fic. 352b 


Courtesy of James T. Case, M.D., Passavant Hospital, Chicago 
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Fic. 353a 


Stomach, Postero-Anterior 


The patient is placed in the prone position. 
The left arm is flexed, and the left leg flexed to 
prevent spine pressure. The spine is located to 
the immediate rear of the table centerline. The 
film is centered to the arch of the ribs from the 
side of the table. The central ray is directed to 
the center of the film. 


PROCEDURE 


© Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—20 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—21 kilovolts peak with 
Parspeed screens 

@A cone is recommended for this part 

@ The patient is asked to stop breathing during the 





exposure 
© Suggested starting technic: 
Fic. 353b With Parspeed screens, with Potter-Bucky diaphragm, 
50 milliampere-seconds, 30-inch distance, 70 kilo- 
Courtesy of James T. Case, M.D., Passavant Hospital, Chicago volts peak 
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Fic. 354a 


Stomach, Oblique 


The patient is placed in the postero-anterior 
oblique position. The spine is placed to the im- 
mediate rear of the table centerline. The film 
is centered to the arch of the ribs from the side 
of the table. The central ray is directed to the 
center of the film. 


PROCEDURE 


@ Size of film employed—usually 10 by 12 

® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—25 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—21 kilovolts peak with 
Parspeed screens 

@A cone is recommended for this part 

@ The patient is asked to stop breathing during the 
exposure 

e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 

50 milliampere-seconds, 30-inch distance, 82 kilo- 


volts peak 
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Fic. 354b 


Courtesy of James T. Case, M.D., Passavant Hospital, Chicago 
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Fic. 355a 


Stomach, Lateral 


The patient is placed on the table in the lateral 
position. The spine is located to the immediate 
rear of the table centerline. The film is centered 
to the arch of the ribs from the side of the 
table. The central ray is directed to the center of 
the film. 


PROCEDURE 


@ Size of film employed—usually 10 by 12 

@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—28 centimeters 

@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—21 kilovolts peak with 
Parspeed screens 

@A cone is recommended for this part 

@ The patient is asked to stop breathing during the 
exposure 

© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 

100 milliampere-seconds, 30-inch distance, 78 kilo- 


volts peak 
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Fic. 355b 


Courtesy of James T, Case, M.D., Passavant Hospital, Chicago 


323 





Fic 


Colon, Postero-Anterior 


The patient is placed on the table in the prone 
position with the median line of the body over 
the table centerline, and with the arms at the 
side of the body. From the side of the table the 
film is centered to the crest of the ilium. The 
central ray is directed to the center of the film. 


PROCEDURE 


© Size of film employed—usually 14 by 17, long dimen- 
sion of the film lengthwise the body 
® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—20 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—21 kilovolts peak with 
Parspeed screens 
@ The patient is asked to stop breathing during the 
exposure 
® Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
100 milliampere-seconds, 40-inch distance, 66 kilovolts 
peak 


Courtesy of James T. Case, M.D., Passavant Hospital, Chicago 
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Fic. 356b 
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Fic. 357a 


Gall Bladder | 


The patient is placed in the prone position with the arms at 
the sides. The center of the lower right anterior rib is centered 
to the film. The central ray is directed to the center of the film. 

For the oblique view, the patient is placed in the postero- 


anterior oblique position with the spine to the immediate rear 
of the table centerline. The film is centered to the lower right 
anterior rib and the central ray is directed to the center of the 
film. 

For the lateral view, the patient is placed in the lateral posi- 
tion with the spine to the immediate rear of the table centerline. 
The film is centered to the lower right anterior rib and the central 





the tube. 


Fic. 357b 
PROCEDURE 


@ Size of film employed—usually 8 by 10 

© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 2 kilovolts peak 

© Centimeter thickness of part used in preparation of 
this chart—20 centimeters 

© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—21 kilovolts peak with 
Parspeed screens 

@ A cone is recommended for this part 

e@ The patient is asked to stop breathing during the 
exposure 
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ray is directed to the center of the film. 
For the upright views, the central ray is directed to a point 
approximately 2 inches above the tip of the iliac crest nearer 


© Suggested starting technic: 

Postero-Anterior view: With Parspeed screens, with 
Potter-Bucky diaphragm, 100 milliampere-seconds, 
30-inch distance, 60 kilovolts peak 

Oblique view: With Parspeed screens, with Potter- 
Bucky diaphragm, 100 milliampere-seconds, 30-inch 
distance, 72 kilovolts peak 

Lateral view: With Parspeed screens, with Potter- 
Bucky diaphragm, 100 milliampere-seconds, 30-inch 
distance, 76 kilovolts peak 

Upright views: Increase approximately 6 kilovolts 


peak 
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Fic. 358b 


Fic. 358a 


Fetus, Antero-Posterior 


The patient is placed in the supine position 
with the median line over the table centerline. 
From the side, the film is centered to the crest 
of the ilium. The central ray is directed to the 
center of the film. 


PROCEDURE 


@ Size of film employed—usually 14 by 17 
© Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 
© Centimeter thickness of part used in preparation of 
this chart—28 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 78 kilo- 
volts peak 
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Fic. 359a 


Fetus, Postero-Anterior 


The patient is placed in the prone position 
with a pillow under the hips and chest for sup- 
port. The median line of the body is located 
over the table centerline. From the side of the 
table the film is centered to the crest of the ilium. 
The central ray is directed to the center of the 
film. 


PROCEDURE 


© Size of film employed—usually 14 by 17 
@ Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 
® Centimeter thickness of part used in preparation of 
this chart—25 centimeters 
© Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 
© Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 72 kilo- 
volts peak 








Fic. 359b 
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Fic. 360a 


Fetus, Lateral 


The patient is placed on the table in the lateral 
position. The center of the side of the body is 
placed over the table centerline. From the side, 
the film is centered to the crest of the ilium. 
The central ray is directed to the center of the 
film. 

PROCEDURE 


© Size of film employed—usually 14 by 17 
® Variation in kilovolts peak per centimeter thickness 
with Parspeed screens—approximately 3 kilovolts peak 
® Centimeter thickness of part used in preparation of 
this chart—30 centimeters 
@ Average variation in kilovolts peak minimum to maxi- 
mum thickness for this part—20 kilovolts peak with 
Parspeed screens 
e@ Suggested starting technic: 
With Parspeed screens, with Potter-Bucky diaphragm, 
200 milliampere-seconds, 40-inch distance, 82 kilo- 
volts peak 





Fic. 360b 
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HE DENTAL technical procedure described in 

this chapter refers to dental radiography in 

the general medical x-ray laboratory. Be- 
cause of the wide variation in the structure of 
the anatomical parts involved, it is considered 
almost impossible to give definite standard posi- 
tions for such work. The positions illustrated and 
the degree of angulation shown should therefore 
be considered as a starting point based on what 
might be considered the average mouth. 

There are certain basic factors involved in 
dental technical procedure, however, which are 
universally. applicable. A thorough understanding 
of those factors which bring about the desired 
end result will enable the operator to system- 
atically vary the procedure in order to bring 
about a defuite result. 


Angulation 


The first and probably most difficult factor to 
duplicate consistently is angulation. Angulation 
refers to the alignment of the tube, object, and 
film. The alignment is considered correct when the 
minimum of distortion of the object is obtained. 

The rule for obtaining the proper alignment of 
the tube, object, and film, is as follows: bisect 
the angle made by the plane of the tooth and the 
plane of the film and direct the central ray so 
that it strikes at right angles or perpendicular 
to this bisecting plane. 

Figure 361A is a diagram showing the proper 
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alignment of the tube, object, and film, using the 
upper jaw as the subject; Figure 361B is a 
radiograph taken in this manner. 

Using the same region, if the angle of the tube 
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Fic. 361. A. Diagram showing proper alignment of tube. 


B. Radiograph showing result of proper alignment of tube. 


is too great, that is, if the plane of the tube more 
nearly approaches the plane of the film, fore- 
shortening of the teeth will result as is shown in 
Figure 362 A. Figure 362 B is a radiograph illus- 
trating this fore-shortening. 
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Again using the same region, if the angle of ANGLE OF =| 
the tube is insufficient, that is, if the plane of the TOOTH | ’ ANGLE OF 
tube more nearly approaches the plane of the x FILM 
tooth, elongation of the teeth will result, as in 


ANGLE | 
OF TOOTH 






/ 
/ ANGLE OF 
FILM 


ANGLE OF X-RAY 


ANGLE OF X-RAY RADIATION 


RADIATION 





Fic. 363. A. Diagram showing elongation. 





B. Radiograph showing result of elongation. 


Fic. 362. A. Diagram showing fore-shortening. J . : 
os multi-rooted teeth in order to bring out a par- 


ticular root. However, it will be found that this 
Figure 363A. Figure 363B is a radiograph taken rotation forward or backward produces an over- 
under these conditions. lapping of the shadow of one tooth on the one 

In making radiographs of teeth in the upper ; \ 
jaw, the tube at all times is placed so that the | | 
angle of the central ray is above the occlusal plane. ANGLE OF | | ANGLE OF 

In the lower jaw, the tube is placed so that the TOOTH | FILM 
angle of the ray is below the occlusal plane, with 
the exception of radiographs of the lower molars, 
wherein many instances the plane of the tooth 
and film are almost parallel. In this case, direct- 
ing the central ray at right angles to the plane. 
of the tooth and film gives the minimum of dis-> 
tortion, as in Figure 364A. Figure 364B is the, 
end result. 

The above takes into consideration the results’! 
of variations in angles up and down the head 
only. There is another angle which may interfere: 
materially and which is just as important from 
the standpoint of distortion. That is the angle 
crosswise the head. For practically all standard 
dental positions, the plane of the film and the 
plane of the tube should be parallel. There may 
be times when the operator will intentionally 
rotate forward or backward, as in the case o! 


B. Radiograph showing result of fore-shortening. 







ANGLE OF X-RAY | 
RADIATION 








Fic. 364. A. Diagram showing correct angulation. 


B. Radiograph showing result of correct angulation, 
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next to it. This occurs the same way in either 
the upper or lower jaw. 

Figures 365A and 366A show the result of 
proper crosswise alignment and improper cross- 
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Fic. 365. A, Diagram showing proper crosswise alignment. 


B. Radiograph showing result of proper crosswise 
alignment. 


wise alignment. Figures 365B and 366B are the 
radiographic results. 


Full Mouth Examination 

The ideal dental radiographic examination of 
an adult patient might include as many as thirty- 
two individual films, the object being to radio- 
graph each tooth on a separate film. From a 
practical standpoint, however, it is not necessary 
to use thirty-two films because, in most areas, 
more than one tooth can be satisfactorily shown 
on a film, and if a total of sixteen films, Figure 


367, are used and the patient and central ray 
positioned as outlined, from two to four teeth, 
depending on the region being radiographed, will 
usually be satisfactorily shown. With this proce- 


ANGLE OF 
X- RADIATION 





Fic. 366. A. Diagram showing improper crosswise 
alignment. 


B. Radiograph showing result of improper 
crosswise alignment. 


dure there is also the advantage of obtaining 
more than one view of a particular tooth. 

The following list depicts those teeth for which 
the particular exposure is being made, and also 
the number of teeth which are usually satisfac- 
torily shown on the film. Those underlined show 
a profile image, the others a diagonal image. The 
last column gives the positions of the film in the 
patient’s mouth. 


No. oF TEETH POSITION oF FILM 





FILM on Eacu FILM IN MoutH 
UPPER JAW 

No. 1 Central Incisors 2 Vertical 
No. 2 Left Central Incisor, Lateral Incisor, and Cuspid 3 Vertical 
No. 3. Left Lateral Incisor, Cuspid, and Bicuspid 3 Vertical 
No. 4 Left Cuspid, Bicuspids, and 1st Molar 4 Horizontal 
No. 5 Left 1st, 2nd, and 3rd Molars 3 Horizontal 
No. 6 Right Central Incisor, Lateral Incisor, and Cuspid 3 Vertical 
No. 7 Right Lateral Incisor, Cuspid, and Bicuspid 3 Vertical 
No. 8 Right Cuspid, Bicuspids, and 1st Molar 4 Horizontal 
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No. oF TEETH POSITION OF FILM 


ON Eacu Fit In MoutH 

No. 9 Right 1st, 22d, and 3rd Molars 3 Horizontal 
LOWER JAW 

No. 10 Central Incisors 4 Vertical 
No. 11 Lateral Incisor, Left Cuspid, and Bicuspid 3 Vertical 
No. 12. Left Cuspid, Bicuspids, 1st and 2nd Molars 5 Horizontal 
No. 13 Left 1st, 2nd, and 3rd Molars 3 Horizontal 
No. 14 Lateral Incisor, Right Cuspid, and Bicuspid 3 Vertical 
No. 15 Right Cuspid, Bicuspids, 1st and 2nd Molars 5 Horizontal 
No. 16 Right 1st, 27d, and 3rd Molars 3 Horizontal 


In placing the film in the mouth, it is essential 
that it be far enough below or above the occlusal 
surface of the teeth, depending on whether the 
lower teeth or the upper teeth are being taken, in 
order that the apices of the roots will be on film. 


The Use of Bite Blocks 

As one of the greatest difficulties to deal with 
in dental work is motion of the film in the pa- 
tient’s mouth, the use of bite blocks, is recom- 
mended whenever practical. This reduces the 
danger of motion of the film to the minimum. 
Bite blocks also take care of pushing the film as* 
low or as high in the mouth as possible as well 
as in placing the film in approximately the same 
place on most individuals. They also aid in re- 
raying certain areas by permitting the operator 
to place the film in virtually the same position 
in the patient’s mouth. Care must be taken also 
that the film remain straight in the patient’s 
mouth. Curving the film to conform to the curve 
in the mouth causes distortion; particularly of 
the areas at each end or side of the film. Bite 
blocks tend to reduce curving to the minimum. 

It is necessary, with certain patients, to either 
bend the corners of the film or curve it. If sixteen 
films are being employed for a full denture, curv- 
ing of the films is not so important, because in 
general it will be possible to successfully radio- 
graph two teeth despite some curvature, 

All dental films are metal-backed. Care should 
therefore be taken that the back of the film is 
always away from the x-ray tube. Insert the film 
in the slot of the bite block and place the block 
between the occlusal surfaces, being sure that the 
film is in the desired position. Instruct the pa- 
tient to bite on the block and not to move during 
the time of exposure. If bite blocks are not avail- 
able or it is not desired to use them, the thumb or 
index finger of the patient is ordinarily used for 


holding the film in position. The patient should 
be carefully instructed as to the amount of pres- 
sure necessary to hold the film in position. Too 
much pressure has a tendency to make the film 
skid in the patient’s mouth, and too little pres- 
sure has a similar effect. The left thumb or index 
finger is used for the right side of the mouth, and 
the right thumb or index finger is used for the 
left side of the mouth. The operator should make 
sure that the rest of the hand is not placed in 
such a position that it is between the film and 
the x-ray tube. 


Position of the Patient 

The position of the patient for dental work 
may be either supine, or upright. However, there 
is less danger of motion on the part of the patient 
while in the supine position, and inasmuch as 
the tube stand is nearly always attached to the 
table, it is considerably easier for the operator 
to duplicate angles. 

With the patient placed in the supine position 
on the x-ray table, the head should be placed 
on a pad of sufficient thickness so that the oc- 
clusal plane shall be kept at right angles to the 
table top. Sandbags are quite convenient for this 
purpose, The tube should be placed squarely 
across the table with the tube supports parallel 
with the head end of the table. In general, it will 
be found much easier to rotate the patient’s head 
instead of changing the tube. As the patient’s 
head is rotated, care must be taken that the oc- 
clusal plane remains at right angles to the table 
top. This is much more important for the upper 
jaw than for the lower jaw. If the angles used 
are carefully noted, it becomes relatively easy to 
make additional films of the same area and to 
make desired variations in angles depending on 
the desires of the operator. 

For the upper jaw it will be found that almost 
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the same angle up and down the head is required 
for all the upper teeth. The variation is seldom 
over 25 degrees, especially if the head is laying 
as flat upon the table as possible and if the oc- 
clusal plane is at right angles to the table top. 

If the teeth of the upper jaw are elongated, the 
tilt has not been sufficient and should be in- 
creased toward the feet. If the teeth are fore- 
shortened, the tilt has been too great and should 
be decreased. 

For the lower jaw, the position of the tube 
will necessarily have to be changed. For the ower 
incisors, the chin should be elevated as far as 
convenient so that the tube tilt may be as small 
as possible to obtain the correct angle. 

If the teeth in the lower jaw are elongated, it is 
because the tilt toward the patient’s head was 
not sufficient. If the teeth are fore-shortened, the 
tilt was too great. 

The various factors used for general x-ray 
work are used for dental work, and the same 
rules regarding distortion, detail, contrast, and 
density should be followed. 


Starting Procedure 

It is exceedingly difficult to give a starting 
technic for dental radiography primarily because 
there is such a wide variation in the speed of 
dental films, The starting procedure given below, 
therefore, is based on what might be termed a 
dental film of medium speed. 

The milliampere-second factor will vary, de- 
pending upon the apparatus and tube available. 

Twenty-five to fifty milliampere-seconds at a 
distance of 25 to 28 inches may be used as a 
starting point. Of the two, 50 milliampere-sec- 
onds is preferable from the standpoint of aver- 
age contrast. 

The kilovolts peak value ordinarily is between 
65 and 75 kilovolts peak. 

If the time factor is constant, the kilovolts 
peak will vary from 8 to 12 kilovolts peak de- 
pending upon the region. Example: 65 kilovolts 
peak for the lower incisor region, 68 for the up- 
per cuspid region, 71 kilovolts peak for the upper 
lateral incisor region, lower 1st and 2nd molar 
region and lower cuspid region, 73 kilovolts peak 
for upper central incisors, upper first molar, and 
76 kilovolts peak for upper second molar region. 

As is the case in general x-ray work, if insuf- 
ficient contrast results from the above procedure, 
the kilovolts peak value must be reduced and 


the milliampere-second value increased. 

Under average conditions, the difference in 
voltage necessary between an individual having 
a thin face and one having a fat or relatively 
heavy face is no greater than 12 or possibly 15 
kilovolts peak in extreme cases. For example, if 
70 kilovolts peak is required for a thin-faced 
individual, it might require 12 to 15 kilovolts 
peak more for the same area on an individual 
with a fleshy or heavy face. 

Cones of the proper size must be used for 
dental work, They*are usually 214 to 3 inches 
in diameter by 10 inches long, or 2%4 to 3 inches 
by 7 inches long. The smaller opening not only 
allows for a more positive centering, but also 
tends to protect the face of the patient from 
unnecessary exposure. It must be borne in mind 
that for a full denture, considerable overlapping 
of the area results. Limiting this area with as 
small a cone as possible will aid materially in 
reducing this exposure. One-half to one milli- 
meter of aluminum or its equivalent should al- 
ways be used as a filter. 

.» Unlike general medical radiography, many 
operators choose to vary the time of exposure for 
the various areas in the individual mouth. In 
other words, for a thin-faced individual, the kilo- 
volts peak may be established at a given point, 
such as 65 kilovolts peak, and the time of ex- 
posure varied depending upon the part of the 
mouth being taken. For the fleshy or heavy-faced 
individual, a higher voltage is used and again the 
time of exposure varied as between the various 
areas of the mouth. The following are examples: 


70 kilovolts peak, 25-inch distance, 
20 milliamperes 


3 seconds 
314 seconds 
41% seconds 
414 seconds 
4% seconds 


Lower Incisor region 

Upper Cuspid region 

Upper Lateral Incisor region 
Lower 1st and 2nd molar region 
Lower Cuspid region 


Upper Central region 5 seconds 
Upper lst molar region 5 seconds 
Upper 2nd molar region 6 seconds 


For inter-proximal (Bite-Wing) examination, 
follow the technic as given on the film box. 

In general, for this type of work there is little 
to choose between the two systems of procedure. 

It is well for the operator to have available 
more than one speed of film, The so-called aver- 


a  ———— 


334 


MEDICAL RADIOGRAPHIC TECHNIC 


LOWER CENTRAL 
INCISOR REGION 





Fic. 368. Position for radiograph of lower central incisor region. 


age speed should be used for probably most work, 
but a much faster film should be used for those 
occasional cases wherein it is extremely difficult 
for the patient to hold still. 


Lower Central Incisor Region 
(Figure 368) 


The patient is placed in the supine position 
with the arms at the sides. With the long dimen- 
sion of the film vertical, both lower corners are 
curved sharply inward. The film packet is in- 
serted under the tongue and gently adapted to 
include equally the four incisors. The upper edge 
of the film is uniformly 3/16 inches above the 
incisal edges of the teeth. The position of the 
head is determined by the occlusal plane of the 
lower teeth which should be vertical to the table 
top. The tube is tilted 15 degrees toward the pa- 
tient’s head, and the central ray is directed to 
the gum line at the median line. The central ray 
must be at right angles to plane of the split angle. 


Lower Cuspid Region (Figure 369) 


The patient is placed in the supine position 
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with the arms at the sides and with the median 
line over the table centerline. With the long 
dimension of the film vertical, the lower mesial 
corner is curved sharply. The film packet is 
placed to include the root but not always the 
entire crown of the lateral incisor, and extends 
distally. The upper edge of the film is 3/16 inch 
above the cuspid and the bicuspid occlusal sur- 
face. The occlusal plane of the lower teeth should 
be vertical to the table top, The head is rotated 
until the cuspid region is directly over the cen- 
terline of the table. The tube is tilted 20 degrees 
toward the patient’s head with the central ray 
centered to the cuspid at the gum line. 


Lower First Molar Region (Figure 370) 


The patient is placed on the table in the supine 
position with the median line over the table 
centerline. If the right side of the jaw is to be 
tadiographed, the right shoulder is elevated by 
sandbags. With the long dimension horizontal, 
the lower mesial corner is curved sharply. With 
the first finger under the lower edge of the film 
packet to depress the floor of the mouth, the 


335 


TS 
REGION 


Ta a ee 


MOLAR REGION 


a 


wOO%e 


yr 
are 


Fic. 370. Position for radiograph of lower first molar region. 
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Fic. 371. Position for radiograph of lower second molar region. 


film packet is placed so as to include the crown 
of the cuspid. Then the head is rotated until 
the region is directly over the table centerline. 
The occlusal plane of the lower teeth should be 
vertical to the table top. The tube is tilted 10 
degrees toward the patient’s head, and the cen- 
tral ray is directed to a point on the gum line 
between the second bicuspid and first molar. 


Lower Second Molar Region 
(Figure 371) 


The patient is placed on the table in the supine 
position with the median line over the table 
centerline. If the right side of the jaw is to be 
radiographed first, the right shoulder is well 
elevated with sandbags. The film packet, with 
the first finger under the lower edge of the long 
dimension in order to depress the tissues, is 
placed to include the third molar. The head is 
rotated until the region is directly over the table 
centerline. The occlusal plane of the lower jaw 
should be vertical to the table top. No tilt of the 
tube is required in most instances. The central 
ray is centered to second molar at the gum line. 
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Upper Central Incisor Region 
(Figure 372) 


The patient is placed in the prone position 
with the arms at the sides. With the long di- 
mension of the film vertical, both upper corners 
are sharply curved. The film is placed in the 
mouth so as to include equally the four incisors. 
The upper edge of the film is uniformly 3/16 
inch above the incisal edges of the teeth. The 
position of the head is determined by the occlu- 
sal plane, which should be vertical to the table 
top. The tube is tilted 40 degrees toward the 
patient’s feet and the central ray to the gum line 
at the median line. 


Upper Lateral Incisor Region 
(Figure 373) 

The patient is placed on the table in the 
supine position with the median line over the 
table centerline. With the long dimension ver- 
tical, sharply curve the upper mesial corner. The 
film packet is placed to include both central in- 
cisors, left or right lateral incisor and cuspid. 
The upper edge of the film should project 3/16 
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Fic. 373. Position for radiograph of upper lateral incisor region. 
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Fic. 374. Position for radiograph of upper cuspid region. 


inch beyond the incisal edge of the teeth. The 
head is rotated until the region being radio- 
graphed is directly over the table centerline. 
The occlusal plane of the upper teeth should 
be vertical to the table top. The tube is tilted 40 
degrees toward the patient’s feet and the central 
ray is directed to a point on the gum line be- 
tween the central and lateral incisor. 


Upper Cuspid Region (Figure 374) 

The patient is placed on the table in the 
supine position with the median line over the 
table centerline. With the long dimension of the 
film vertical, the upper mesial corner is curved 
sharply. The film packet is placed to include the 
root but not always to include the entire crown 
of the lateral incisor, and extends distally. The 
upper edge of the film is 3/16 inch beyond the 
occlusal surface of the teeth. The head is ro- 
tated until the region is directly over the table 
centerline. The occlusal plane of the upper teeth 
should be vertical to the table top. The tube is 
tilted 45 degrees toward the patient’s feet and 
the central ray is centered to the cuspid at the 
gum line. 
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Upper First Molar Region 
(Figure 375) 

The patient is placed on the table in the supine 
position with the median line over the table 
centerline. If the right side of the jaw is to be 
radiographed first, the right shoulder is elevated 
by sandbags. With the long dimension of the film 
horizontal, the upper mesial corner is curved 
sharply. The film packet is placed so as to in- 
clude the crown of the cuspid, and extends lat- 
erally. The upper edge of the film extends 4 inch 
beyond the occlusal surface of the teeth. The 
head is rotated until the region is directly over 
the table centerline. The occlusal plane should 
be vertical to the table top. The tube is tilted 30 
degrees toward the patient’s feet and the central 
ray is directed to a point on the gum line be- 
tween the second bicuspid and first molar. 


Upper Second Molar Region 
(Figure 376) 

The patient is placed on the table in the su- 
pine position with the median line over the table 
centerline. If the right side is to be radiographed 
first, the right shoulder is elevated first. With 
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Fic. 376. Position for radiograph of upper second molar region. 
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Fic. 377. Position for radiograph of inter-proximal examination. 


the long dimension horizontal, the upper distal 
corner of the film is curved sharply. The film is 
placed so as to include the third molar and ex- 
tends mesially. The upper edge of the film ex- 
tends 14 inch beyond the occlusal surface of the 
teeth. The head is rotated until the region is 
directly above the median line. The occlusal plane 
of the upper teeth should be vertical to the table 
top. The tube is tilted 20 degrees toward the 
patient’s feet and the central ray is centered to 
the second molar at the gum line. 


UPPER 


« Upper left 3rd molar 
Upper left 2nd molar 
Upper left Ist molar 
Upper left 2nd bicuspid 
. Upper left Ist bicuspid 
Upper left cuspid 

. Upper left lateral in- 
cisor 


3} Upper central incisors 
10. Upper right lateral in- 


cisor 
11. Upper right cuspid 
12. Upper right Ist bicus- 


i 
13. Upper right 2nd _ bi- 
cuspi 
14. Upper right Ist molar 
15. Upper right 2nd molar 
16. Upper right 3rd molar 


2 moysepe 





Inter-Proximal Examination 
(Figure 377) 

The patient is placed on the table in the 
supine position with the occlusal plane vertical 
to the table top. The corners of the film pack 
are sharply curved, and then inserted so that the 
bite-wing is parallel to the occlusal plane. The 
tube is tilted 10 degrees toward the patient’s 
feet with central ray directed to the occlusal plane. 

Figure 378 gives the name and location of each 
tooth in the adult mouth. 


LOWER 
17. Lower left 3rd molar 
18. Lower left 2nd molar 
19. Lower left Ist molar 
20. Lower left 2nd bicus- 


id 
21. Lower left Ist bicus- 


id 
22. Lower left cuspid 
23. Lower left lateral in- 
cisor 


33: }Lower central incisors 


26. Lower right lateral in- 
cisor 

27. Lower right cuspid 

28. Lower right Ist bi- 
cuspid 

29. Lower right 2nd_ bi- 
cuspid 

30. Lower right Ist molar 

31. Lower right 2nd molar 

32. Lower right 3rd molar 


Fic. 378. Diagram showing location of each tooth. 
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CHAPTER XVII 


Photography of the Fluorescent 


Screen Image 


HE IDEA OF photographing the fluorescent 
screen image is almost as old as the discovery 
of x-rays, A great many experiments have 
been conducted in various parts of the world in an 
attempt to successfully photograph the fluoro- 
scopic image direct from the fluorescent screen. 

In general, most of these experiments have been 
directed toward the making of moving pictures of 
those areas of the body which are affected by in- 
voluntary motion, such as the chest, heart, 
stomach, etc. Because of the many limitations, 
however, it was not until recent years that such 
work could be done successfully. 

The results obtained with motion pictures fo- 
cused attention on other fields, principally so- 
called miniature radiography for group surveys 
through the utilization of single exposures instead 
of motion pictures. 

The object of such a development was to find 
a more economical, yet efficient, means for con- 
ducting group examinations of the chest. 

Several sizes of so-called miniature films have 
been employed at various times, from the so-called 
35 mm film, up to the more recent development, 
the 4- by 5-inch film. 

It is not the purpose here to discuss the rela- 
tive merits of various sizes of miniature chest 
films, but rather to describe the apparatus in gen- 
eral from a technical standpoint. 

Various names for this type of work have 
gradually evolved: Fluorography, which ordi- 
narily refers to the use of 35 mm film; and photo- 
roentgenography, which refers to the use of 4- 
by 5-inch film. 

Regardless of the size of film, the basic prin- 
ciple of the apparatus is essentially the same. 

Figure 379 is a line drawing of photo-roentgen 
equipment. From this it will be seen that it is 
composed of a light-tight housing, at one end of 


which is a fluorescent screen and at the other end 
a camera and film shifter for stereoscopy. The 
camera and shifter here shown are for paired 4- 
by 5-inch stereos, on a single 4- by 10-inch film. 

The fluorescent screen is mounted with the 
fluorescent side toward the camera. The size of 
the screen is usually 14- by 17-inches, the same as 














Fic. 379. Line drawing of photo-roentgen unit. 
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would be employed when doing direct radiography 
of the chest. 

The fluorescent screen generally employed for 
35 mm fluorography is a standard type B Patter- 
son fluoroscopic screen. 

The fluorescent screen used with the 4- by 
5-inch film is made specially for photo-roentgenog- 
raphy. The fluorescent light given off by the Pat- 
terson model B type fluoroscopic screen is in the 
yellow-green portion of the spectrum. The fluores- 
cent light given off by the special photo-roentgen 
screen is in the blue-violet portion of the spec- 
trum. 

The lenses employed for this procedure must 
be exceedingly fast. A speed of F 1.5 is generally 
used. The reason for this speed is the necessity 
for keeping x-ray energy within practical limits. 

In practice, there is little actual difference in 
operative procedure between photo-roentgenog- 
raphy and regular radiography of the chest. In the 
case of the 4- by 5-inch film, a light-tight film 


holder is loaded, two films to the holder, one on 
either side. For the smaller films, roll films are 
employed. 

As previously mentioned, the housing is light- 
tight; therefore, the conventional camera shutter 
is not necessary; if the camera happens to be so 
equipped, the shutter is simply left open. 

The patient is placed in position, figure 380, the 
tube is centered in the usual manner, and the 
exposure is made by the regular x-ray timer. 

The camera obviously must be focused to the 
screen surface to provide for maximum detail 
and, since the lens-screen distance remains con- 
stant, it is not necessary to refocus the camera 
once it is correctly set. 

During the x-ray exposure, the chest image will 
appear on the screen, and it is this image which 
is photographed at the reduced size. Actual com- 
parison of sizes is found in figures 381 and 382. 

Several types of films are employed. If the 
Patterson type B screen is used, a green-sensitive 





Fic. 380. Patient in position for photo-roentgenogram. 
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film is necessary. If the Patterson photo-roentgen 
screen is used, which fluoresces in the blue-violet 
portion of the spectrum, films most sensitive to 
this fluorescence are employed. Inasmuch as the 
special photo-roentgen screen for the 4- by 5- 
inch film is actually an x-ray 
intensifying screen, regular 
double-coated x-ray film, the 
same as is employed in regular 
radiography, proves quite satis- 
factory from the standpoint of 
speed and contrast. 

The processing of the blue- 
sensitive film is obviously and 
naturally the same as for regu- 
lar x-ray film, because it is 
either the same film as used for regular radiog- 
raphy with intensifying screens, or even in the 
case of special film possesses the 
same characteristics. 

Blue-sensitive film, coated on one 
side only, is also available. Being a 
single-coated film, there is an im- 
provement in detail sharpness in 
comparison with the double-coated 
film. The reason for this is that ac- 
tually an appreciable percentage of 
the total density of the double- 
coated film is on the back emulsion. 

A marked improvement in diag- 
nostic quality results when a sta- 
tionary Bucky grid is employed in 
photo-roentgenography. The use 
of the grid materially improves 
visibility of detail and also adds to 
the latitude insofar as operative 
technic is concerned as between 
various sizes of individuals. When 
the stationary grid is employed for 
chest work with a 14- by 17-inch 
film, the images or shadows of the 
grid are, of course, visible; on the 
contrary, when employed in photo- 
roentgenography, they are not 
visible to the eye. 

Not only are miniature films 
made in single exposures, but 
stereoscopically as well, the latter 
method being considered by most diagnosticians 
as the one of choice. 

In the case of the 35 mm film, both single and 
stereoscopic, it is necessary to magnify the image 
considerably, this being necessary for diagnosis. 





Fic. 381. 35 mm. 
result, actual size. 


The 4- by 5-inch stereoscope, for viewing paired 
4 by 5 films on a single 4 by 10 film, is an in- 
genious combination of prisms and lenses so ar- 
ranged that no adjustment is necessary except for 
inter-pupillary distance. It is known as an Ortho- 
stereoscope because of the truthfulness of rendi- 
tion of the stereoscopic effect. The entire optical 
system is so designed that minimum eyestrain re- 
sults. This is of special importance where many 
hundreds of films must be viewed within a com- 
paratively short time. 

The energy values employed are greater than 
for regular radiography, but in all cases well 
within the rated limits of available generators 
and x-ray tubes. 

Miniature radiography can no longer be con- 
sidered in its infancy. Evaluated on the basis of 
the purpose for which it is intended, it is due 
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to have a far-reaching effect in providing for a 
more economical and efficient means for group 
surveys of the chest, thereby making still more 
effective the world-wide efforts directed toward 
the control of tuberculosis. 


a ————————————————__—___—— 
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A 
Absorption, 98 
Differential, 128 
Equation, 127 
Grid, 119, 120 
Material, 113 ‘ 
Molecular coefficients, 127 
Of x-rays, 128, 131 
Opacity, 131 
Acetabulum 
Anatomy, 169, 188 
Position 
Antero-posterior, 265 
Technic 
Antero-posterior, 265 
Acidifier 
Fixer, 145 
Sodium bi-sulphite, 145 
Alignment 
Dental radiography, 331 
Dental technic, 329 
Alternating current, 8 
Definition, 8 
Formula, 10 
Frequency, 34 
Generator, 8, 9 
Graph of, 9, 36 
Magnitude of enclosed flux, 9 
Magnitude of generated voltage, 9 
Milliameter, 57 
Root mean square, 10 
Alum 
Hypo solution, 145 
Ammeter 
Calibration, 33 
Connections, 33 
Position in circuit, 32, 33 
Ampere-second, 19 
Coulomb, 19 
Anatomical landmarks, 204 
Anatomical neck, 169, 176 
Anatomy, 168 
Extremities, 168 
Head, 170 
Pelvis, 173 
Spinal column, 172 
Angstrom unit, 20 
Ankle 
Anatomy, 182 
Position 
Antero-posterior, 234 
Lateral, 235 
Technic 
Antero-posterior, 234 
Lateral, 235 


Index 


Anode, 17 
Angle, 22 
Attractive force, 19 
Generation of x-ray, 106 
Heat storage, 25, 26 
Materials, 23 
Rotating, 29, 79, 85, 93 
Shape, 21 
Size, 21 
Antrum, 172 
Anatomy, 192, 198, 199 
Position, 277 
Technic, 277 
Aorta, 201 
See Heart, left oblique 
Aprons, 140 
Darkroom, 140 
Lead rubber, 162 
Argon gas, 46 
Arm, 177 
Anatomical neck, 169, 176 
Capitulum, 169 
Epicondyles, 169, 176 
Humerus, 168, 176 
Surgical neck, 169, 176 
Trochlea, 169 
Tuberosities, 169, 176 
Atlas and axis, 173 
Anatomy, 173 
Position 
Antero-posterior, 242 
Technic 
Antero-posterior, 242 
Atrophy, 131, 206 
Age, 130 
Contrast, 132 
Density, 132 
Disease, 130, 131 
Automatic space charge compensation, 59 
Autotransformer, 13, 34, 51 
Diagram, 13 
Effect of on secondary (Kv.P.), 14 
Range, 34 
Ratio, 13 
Use, 34 
Voltage compensation, 13 


B 


Barium Platino-Cyanide, 80 
Intensifying screens, 80 
Barium sulphate 
Gastro-intestinal system, 132 
Baseline calibration, 68, 70 
Baseline change 
Filament increment curves, 27 
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Booster transformer, 48, 54 
Diagram, 55 
Voltage drop, 54, 55 
Bridge type full-wave circuit, 40 
Bucky 
Grid, 118 
Grid fluoroscope, 164 
Potter-Bucky diaphragm grid, 118 
Ratio, 119 


Cc 
Cables 
Bushings, 45 
High voltage, 44 
Shockproof, 41, 43 
Cadaver 
Coronal section, 201, 203 
Sagittal section, 200 
Transverse section, 202 
Calcium tungstate, 80 
Intensifying screens, 80 
Calibration 
Ammeter, 33 
Baseline, 68, 70 
Constancy, 34 
Equipment, 67 
Interpretation, 34 
Kilovolt, 34 
Radiographic, 67 
Calibration chart, 35 
Interpretation, 34 
Capacitor 
Charge equation, 8, 64 
Charging current, 58 
Current change in, 8 
Diagram, 7 
Discharge apparatus, 64, 65 
Discharge time, 65 
Micro-farads, 8 
Power supply, 65 
Capitulum, 169 
Coronal suture, 171 
Carpus, 169 
Anatomy, 177 
Cathode, 17 
Element, 22 
Shape, 21 
Size, 21 
X-ray tube, 21 
Cell 
Voltic, 3 
Centimeter thickness 
Kv.P. variation, 206 
Technic, 205 
Cerebral cranium, 170 
Ethmoid bone, 172 
Frontal bone, 170 
Occipital bone, 171 
Parietal bone, 171 
Sphenoid bone, 171 


Cerebral cranium (continued) 
Technic, 272 
Temporal bone, 171 
Cervical spine, 172 
Anatomy, 173 
Position 
Antero-posterior, 243 
Lateral, 244 
Technic 
Antero-posterior, 243 
Lateral, 244 
Chemicals 
Developing, 143, 144, 145 
Fixing, 143, 145 
Hot weather, 138 
Life, 141, 146 
Life curves 
Speed and regular developer, 142 
Speed fixer, 142 
Stains, 141, 142 
Timé curves 
Speed and regular developer, 142 
Chest, 104 
Effect of respiration on technic, 206 
Position 
Apices, postero-anterior upright, 306 
Left lateral, upright, 304 
Postero-anterior upright, 303 
Semi-lateral upright, 305 
Potter-Bucky diaphragm, 126 
Technic 
Apices, postero-anterior upright, 306 
Left lateral upright, 304 
Postero-anterior, upright, 303 
Semi-lateral upright, 305 
Visibility of detail, 126 
Child-Langmuir law, 18 
Children 
Radiography of, 207 
Chromic acid, 145 
Hypo solution, 145 
Clavicle 
Anatomy, 168, 175, 177, 184, 185, 186, 188 
Position 
Postero-anterior, upright, 303 
Sterno-clavicular articulation, 168 
Technic 
Postero-anterior, 227 
Clinoid processes, 171 
Coccygeal region, 172, 173 
Coccyx 
Anatomy, 173, 184, 185, 186, 187, 188 
Position 
Antero-posterior, 267 
Technic 
Antero-posterior, 267 
Coil 
Solenoid, 6 
Collector plate, 17 
X-ray tube, 17 
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Colon 
Anatomy, 201 
Position 
Postero-anterior, 324 
Potter-Bucky diaphragm, 126 
Technic 
Postero-anterior, 324 
Visibility of detail, 126 
Compensating transformer, 58 
Compensation 
For heavier patients, 108 
For voltage change, 14, 55 
Compression bag, 206 
Conductors, 5 
Description, 5 
High tension, 44 
High voltage, 44 
Non conductors, 5 
Condyloid process, 172 
Anatomy, 193 
Technic, 293, 294 
Cones and diaphragms 
Applications of, 116, 207, 208 
Dental radiography, 334 
Effect on technic, 207 
Field limitations, 115 
Film coverage and size of field, 117 
Formula for size of, 115 
Port of entry, 114 
Radiation, 114, 116 
Visibility of detail, 114 
Configuration 
Effect on average radiographic technic, 131 
Focal spot, 86 
X-ray tube, 21 
Contrast, 77 
Differential absorption, 128 
Disease and atrophy, 132 
Effect of inspiration and expiration, 206 
High milliampere technic, 102 
Hydroquinone, 144 
Intensifying screens, 81 
Milliampere seconds, 103 
Muscular conditions, 131 
Non-screen film, 85 
Secondary radiation, 83, 113, 123 
Soft tissue, 166 
Visibility of detail, 95 
X-ray tube voltage, 96 
Control stand, 48 
Factors to consider in radiographic procedure, 48 
Filament temperature control, 16 
Semi-automatic, 58 
Technic selector, 49 
Cooling curves, 26 
Air cooled bulb type tube, 112 
Heat, 26 
Interpretation of, 25 
Time of cooling, 25 
Corner cutter, 140 
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Corner marks 
Films, 147 
Coronoid process, 172 
Coulomb 
Ampere-second, 19 
Crescent marks 
Films, 147 
Crista galli, 172, 191 
Current, 4 
Alternating, 8, 9, 10 
Capacitor and change in, 8 
Capacity charging, 58 
Direct, 4 
Dushman’s modification of the Richardson equa- 
tion, 18 
Electric, 3 
Filament, 32 
Relation to emission, 17 
Filament drop, 54 
Formula, 4 
Inverse, 37, 43 
Limiting device, 54 
Magnetic, 5 
Microfarads, 65 
Primary, 52 
Ratio full wave, 41 
Self rectified, 104 
Thermionic, 17, 18 
Tube, 18, 58 
Wave shape, 100 


- Cuspid 


Lower 3 
Position, 335, 336 
Radiography of 
Left, 331, 333 
Right, 331, 333 
Technic for, 334 
Upper 
Position, 339 
Cycle, A. C., 10 
Cylinders, 115 
Film coverage and 
size of field, 117 
Port of entry, 115 


D 


Darkroom (See processing room) 
D’Arsonval meter, 37 
Ratio, 37 
Density 
Degree of, 95 
Difference, 72, 73, 74, 113 
Disease and atrophy, 132 
Effect of Kv.P. in changing film density, 100 
Effect of metol, 143 
Effect of temperature on parspeed screens, 82 
Effect on visibility of detail, 85, 95 
Effect of x-ray tube voltage, 96 
Exposure time, 99 
Focal film distance, 89, 113 
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Density (continued) 
Formula, 129 
M.A. seconds, 103 
Measured on typical radiographs, 129 
Measuring light intensities and film, 128 
Muscular conditions, 131 
Potter-Bucky diaphragm, 121 
Radiographic opacity, 128 
Soft tissue, 166 
Tube voltage, 100 
Units of, 128 
Variation with change in M.A. second values, 102 
Dental radiography 
Location of each tooth, 34. 
Technic, 334 
Dental technic 
Angulation, 329 
Bite blocks, 333 
Cuspid region, 335, 339 
Full mouth examination, 331 
Incisor region, 335, 337, 339 
Inter-proximal examination, 341 
Molar region, 335, 337, 339, 341 
Position, 333 
Procedure, 334 
Denture 
Full, 332 
Detail 
Aberration, 90 
Definition, 17 
Focal spot, 22, 81 
Intensifying screens, 80, 82 
Intervening structures, 89 
Planigraphy, 154 
Radiographic, 77 
Self rectified generator, 38 
Sharpness, 38, 85, 86, 88, 89, 90 
Motion, 92, 104 
Sharpness—distance, 87 
Visibility of, 95 
Absorption characteristics of the body, 127 
Body configuration, 131 
Contrast, 95 
Density, 85, 95 
Disease and atrophy, 131 
Effect of tissue thickness, 129 
Focal film distance, 112 
Milliampere seconds, 100 
High milliampere technic, 102 
Muscular condition, 131 
Quality of radiation, 96 
Radiographic opacity, 128 
Secondary radiation, 113 
Cones and diaphragms, 114, 116 
Potter-Bucky diaphragm, 121 
Stationary grid, 118 
Time of exposure, 106 
Tissue differentiation, 132 
Developer 
Air bubbles, 144 
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Developer (continued) 
Film emulsion, 143 
Hydroquinone, 143 
Latent period, 144 
Life, 146 
Metol, 143 
Oxidation, 144 
Refresher, 145 
Rinse water, 145 
Sodium carbonate, 144 
Sodium sulphate, 144 
Solution level, 145 
Solutions, 143 
Time, 141, 146 
Developing tank 
Abrasions, 139 
Automatic temperature blender, 139 
Bi-metal thermostatic valve, 139 
Hot weather controls, 138 
Scratches, 139 
Stop bath, 139 
Thermostatic control valve, 139 
Water heating units, 138 
Water temperature controls, 138 
Diaphragm, 115 (See cones) 
Dielectric, 7 
Insulator, 7 
Difference of potential, 3 
Equation, 3 
Diffusion, 88 : 
Diodrast, (See genito-urinary system) 
Diploe, 170 
Diplopia, 148 
Stereoscopy, 148 
Direct current, 4 
Milliammeter, 57 
Direction of current, 8 
Disease and atrophy, 131 
Contrast, 132 
Density, 132 
Tissue opacity, 132 
Visibility of detail, 131 
Distance, 88 
Foreign body localization, 160 
Dorsal spine 
Effect of respiration on technic, 206 
Position 
Antero-posterior, 245 
Antero-posterior upright, 246 
Lateral, 247 
Lateral upright, 248 
Upper oblique, 249 
Upper oblique upright, 250 
Technic 
Antero-posterior, 245 
Antero-posterior upright, 246 
Lateral, 247 
Lateral upright, 248 
Upper oblique, 249 
Upper oblique upright, 250 
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Drying equipment, 140 
Duanne’s law, 99 
Dushman’s modification of Richardson’s equation, 
18 
E 
Elbow 
Anatomy, 177 
Position 
Antero-posterior, 217 
Flexed, 220 
Lateral, 218 
Semi-flexed, 219 
Technic 
Antero-posterior, 217 
Flexed, 220 
Lateral, 218 
Semi-flexed, 219 


Electric 
Charge, 7 
Current, 3 


Potential, 3 
Electric current, 3 
Alternating, 8, 10 
R.M.S., 10 
Definition, 1 
Direct, 4 
Direction, 5 
Filament 
Relation to emission, 18 
Heating effect, 5 
Heating effect, formula, 5 
Intensity, 4, 5 
Magnetic effect, 6 
Magnetic field, 6 
Magnetic force, 6 
Ohm’s law, 4 
Rate, 5 
Electric potential, 3 
Difference, 3 
Electromotive force, 3 
Sources, 1 
Electrical 
Protection, 44 
Electrode design in x-ray tubes, 21 
Electromagnetic spectrum, 20 
Electromotive force, 3 
Formula, 5, 7 
Induced, 5 
Induction, 7 
Magnetic current, 5 
Magnetic induction, 5 
Self induction and inductance, 7 
Sources 
Chemical, 4 
Mechanical, 5 
Strength, 5 
Electron 
Acceleration, 19 
Formula, 19 
Charge, 15 


Electron (continued) 
Definition, 15 
Energy 

Formula, 19 
Kinetic energy, 19 
Mass, 15 
Positive ions, 19 
Size, 15 
Source, 15, 21 
Thermo, 15, 16 
Velocity, 19 

Electron beam 
Description, 22 
Shape, 21 
Size, 21 

Electronic charge, 19 

Emission 
Inverse, 37 
Limited, 39 
Tube, 39 

Emulsions 
Film, 143 

Epicondyles, 169, 176 

Esophagus 
Position 

Oblique, 320 

Postero-anterior, 319 
Technic 

Oblique, 320 

Postero-anterior, 319 

Ethmoid bone, 172 
Cavity, 172 
Crista galli, 172 
Ethmoid sinuses, 172 

Ethmoid sinus, 172 

Anatomy, 191 

Expiration 
Effect on technic, 206 

External auditory meatus, 190, 197 

External malleus 
Anatomy, 182 
Position, 236 
Technic, 236 

Extremities 
Lower, 169, 182, 183 

Leg, 170 

Thigh, 169 
Technical factors, 83 

Non-screen film, 85 
Upper, 168, 177 

Arm, 168 

Forearm, 169 

Hand, 169 

Shoulder girdle, 168 


F 


Facets 
Position 
Postero-anterior oblique, 260 
Postero-anterior oblique upright, 261 
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Facets (continued) 
Technic 
Postero-anterior oblique, 260 
Postero-anterior oblique upright, 261 
Femur 
Anatomy, 181, 182, 183, 203 
Condyles, 169 
Epicondyles, 169 
Femur head, 169 
Position 
Antero-posterior, 265 
Technic 
Antero-posterior, 265 
Femur neck 
Position 
Infero-superior, 266 
Technic 
Infero-superior, 266 
Shaft, 169 
Trochanters, 169 
Fetus 
Position 
Antero-posterior, 326 
Lateral, 328 
Postero-anterior, 327 
Technic 
Antero-posterior, 326 
Lateral, 328 
Postero-anterior, 327 
Fibula, 170 
Anatomy, 182, 183 
Filament 
Circuit, 16, 17 
Current, 32 
Electron source, 21 
Emission characteristics, 26 
Potential, 32 
Rate of evaporation, 28 
Regulator, 51 
Stabilizer, 54, 55, 56 
Transformer, 12 
Filament circuit, 16, 17, 32 
Relation to emission, 18 
Filament current, 32 
Rate of emission, 17 
Voltage drop, 54 
Filament evaporation 
Effect of, 29 
Filament increment curves, 27 
Filament increment curves, 26, 27 
Ammeter settings, 27 
Baseline change, 27 
Filament evaporation, 27 
Filament potential, 32 
Filament regulator, 51 
Filament stabilizer, 53, 54 
Diagram, 56 
X-ray tube, 55 
Filament temperature 
Control, 16 


Filament temperature (continued) 
Kenotron, 54 
Filament transformer 
Connections, 32 
Film 
Dental alignment, 329 
Developing, 141, 143, 144, 145, 146 
Drying equipment, 140 
Emulsions, 143 
Fixing, 143, 145, 146 
Fogging, 145 
Loading facilities, 136, 143 
Measuring density of, 128 
Nonscreen, 83, 84 
Position in relation to part, 204 
Regular, 83 
Storage facilities, 136 
Trouble chart, 147 
Film density, 99 
Method of measuring, 128 
Film markers, 207 
Film-processing chemicals, 141 
Filtration 
Effect, 108 
Safe exposure limits, 108 
Shockproof tubes, 108 
Fixing solution, 145 
Alum, 145 
Chrome acid, 145 
Hypo solution, 145 
Hyposulphate, 145 
Life, 146 
Sodium bi-sulphate, 145 
Sodium theosulphate, 145 
Time, 146 
Fleming’s rule, 8 
Fluorescence, 80 
Intensifying screens, 80 
Parspeed screens, 82 
Photo-chemical sensitivity, 99 
Fluorescent screen image 
Photography of, 343 
Fluorography, 343 
Fluoroscope, 162 
Exposure factors, 163 
Eye accommodations, 162 
Filter, 162 
Focal skin distance, 162 
Grid, 164 
Kilovoltage, 162 
Palpation, 163 
Precautions, 162 
Procedures, 162 
Protecting devices, 162 
Rating of tube, 25 
Shutter, 163 
Spot film technic, 164 
Fluoroscopy (See fluoroscope) 
Flux 
Linkages formula, 7 
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Flux (continued) 
Magnetic, 6, 7 
Magnitude, 9 
Focal area, 77 
Current-carrying capacity, 22 
Projection, 87 
Rating, 24 
Relation to tube current, 77 
Rotating anode tube, 29 
Focal film distance, 87, 112, 113 
Aberration of detail, 90 
Change of technic, 207 
Detail sharpness, 89, 112 
Effect, 89 
Effect on density, 89, 113 
Soft tissue, 166 
Visibility of detail, 112 
Focal spot 
Comparative rating diagram, 25, 38 
Configuration, 86 
Detail, 87 
Effect of size, 90 
Effect of size on detail, 22 
Position in tube, 86 
Projection, 86 
Rating, 43, 105 
Rating one-half wave test, 43 
Rating chart, 23 
Relation to focal film distance, 89, 90 
Rotating anode tube, 29, 31 
Selector, 51 
Self rectified units, 34, 37 
Size, 22, 38, 77 
In relation to motion, 92 
Temperature rise, 21 


Focus 

Grid, 119, 120 
Fogging, film, 145 
Foot 


Anatomy, 182, 183 
Metatarsus, 170 
Phalanges, 170 
Position 
Antero-posterior, 231 
Lateral, 233 
Oblique, 232 
Tarsus, 171 
Technic 
Antero-posterior, 231 
Lateral, 233 
Oblique, 232 
Foot switch, 51 
Foramina, 171 
Forearm, 169 
Anatomy, 177 
Radius, 169 
Ulna, 169 
Foreign body localization, 160 
Diagram of single triangulation, 161 
Distance, 160 
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Foreign body localization (continued) 
Image shift, 160 
Shift, 160 
Single triangulation, 160 
Formula 
Alternating current, 10 
Cone coverage, 115 
Current, 4 
Density, 129 
Electromagnetic force, 5 
Electromotive force, 5, 7 
Electron acceleration, 19 
Electron energy, 19 
Flux linkeages, 7 
Frequency, 5 
Heating effect of electric current, 5 
Light intensity, 129 
Magnetic flux, 7 
Magnetic induction, 11 
Magnetic intensity, 6 
Magnification, 91 
Milliampere meter formula for full wave rectifiers, 
37 
Milliampere meter formula for one-half wave recti- 
fiers, 37 
Permeability, 6 
Resistance, 4 
Self inductance, 11 
Frequency, 9 
Alternating current, 10, 34 
Formula A.C., 5, 10 
Frontal bone, 170 
Anatomy, 191 
Glabella, 170 
Orbital portion, 170 
Septum, 171 
Squamous portion, 170 
Superciliary ridge, 170 
Frontal eminence, 170 
Frontal sinus 
Anatomy, 191, 198, 199 
Position 
Postero-anterior, 275 
Technic 
Postero-anterior, 275 
Frost-like appearance on films, 147 
Full wave 
Circuit, 64 
Comparative energy ratings, 43 
Component parts, 48 
Control 200 ma., 48 
Description of, 51 
Generator, 51 
Kenotron rectifier, 40 
Rectifier, 41 
X-ray generator, 41, 46 


G 


Gall bladder 
Position, 325 
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Gall bladde: (continued) 
Sodium tetraiodophenolphthalein, 133 
Technic, 325 
Tissue differentiation, 133 

Gamma rays, 20 

Gas 
Argon, 46 

Gastro-intestinal tract 
Barium sulphate, 132 
Tissue differentiation, 132 

Generation of x-ray, 15 

Generator, 8, 9, 

Alternating current, 9 
Full wave, 51 
Half-wave, 43 

Self rectified, 34 
Three phase, 61 

Genito-urinary system (See Kidney) 
Tissue differentiation, 133 

Glabella, 170 

Grid 
Absorption, 119, 120 
Bucky, 118 
Construction, 121 
Design, 120 
Efficiency, 119 
Fluoroscopic, 164 
Focus, 119, 120 
Lines, 122 
Radius, 120 
Ratio, 119 
Stationary, 118, 119 
Tube tilts, 120 
Visibility of detail, 118 


H 


Half-wave 
Circuit, 43 
Comparative energy ratings, 43 
Focal spot ratings, 43, 104 
Kenotron rectified, 42 
Tube ratings, 44 
Hand 
Anatomy, 177 
Carpus, 169 
Metacarpus, 169 
Phalanges, 169 
Position 
Lateral, 213 
Oblique, 212 
Postero-anterior, 211 
Technic 
Lateral, 213 
Oblique, 212 
Postero-anterior, 211 
Handswitch, 51 
Hangers and racks, 137 
Head, 170 
Cerebral cranium, 170 


Head (continued) 
Exposure limits, 109 
Visceral cranium, 172 
Heart 
Anatomy, 200, 201 
Effect of respiration on technic, 206 
Position, 312, 313, 314, 315 
Heat 
Cooling curves, 26 
Dissipation, 21, 22 
Tube storage capacity, 111 
Unit, 25 
Heating effect of an electric current, 5 
Formula, 5 
Henries, 7 
High milliampere technic 
Effect on contrast, 102 
High voltage cable, 44 
High tension conductors, 44 
Hi-speed screens, 82, 83 
Intensifying screens, 82 
Humerus, 168 
Anatomy, 176, 177 
Anatomical neck, 169 
Capitulum, 169 
Epicondyles, 169 
Position 
Lateral, 225 
Surgical neck, 169 
Technic 
Lateral, 225 
Trochlea, 169 
Tuberosities, 169 
Hydroquinone 
Contrast, 144 
Developer, 143 
Hyposulphite 
Hypo solution, 145 
Sodium thiosulphite, 145 
Hypo solution 
Acidifier, 145 
Alum, 145 
Chromic acid, 145 
Hyposulphite, 145 
Sodium bi-sulphite, 145 
Sodium iodide, 145 
Sodium theosulphate, 145 


I 
Identification 
Film markers, 207 
Tliac spine 
Anatomy, 183, 184, 186 
Anterior-Superior 
Position 
Antero-posterior, 269 
Technic 
Antero-posterior, 269 
Tlium 
Ala, 173 





354 


MEDICAL RADIOGRAPHIC TECHNIC 


Ilium (continued) 
Anatomy, 178, 184, 185, 186, 188, 201, 203 
Body, 173 
Crest of, 173 
Image shift 
Foreign body localization, 160 
Immobilization 
Use of immobilization band, 206 
Incisors 
Position 
Lower central, 335 
Upper central, 337, 338 
Upper lateral, 337, 338 
Radiography of 
Central, 331, 333 
Lateral, 331, 333 
Left central, 331, 333 
Technic for, 334 
Increment curve, 27 
Filament baseline change, 27 
Space charge, 28 
Induced electromotive force, 5 
Induced voltage, 12 
Secondary voltage, 12 
Inductance, 5, 7 
Law of, 11 
Self, 7, 11 
Induction 
Electromotive force, 7 
Magnetic, 5 
Mutual induction, 11 
Infants and children 
Radiography of, 207 
Innominate bone, 173 
Ilium, 173 
Ischium, 173 
Pubis, 173 
Inspiration 
Effect on technic, 206 
Instrument transformer, 58 
Insulator 
Description, 5 
Dielectric, 7 
Non-conductor, 5 
Intensifying screens, 80 
Barium platino-cyanide, 80 
Calcium tungstate, 80 
Contrast, 81 
Detail, 81, 82 
Fluorescence, 80 
Hi-speed, 82 
Motion, 92 
Par-speed, 82 
Photo-chemical sensitivity, 99 
Ratio, 81 
Speed, 81 
Temperature, 82 
Interlock 
Planigraphy, 154 
Potter-Bucky diaphragm, 122 


Inter-proximal examination 
Position, 341 
Intestines 
Anatomy, 200, 201 
Inverse current, 43, 47 
Inverse emission, 37 
Inverse reducer, 45, 47 
Connections, 46 
Inverse voltage, 36, 46 
Tons 
Positive, 19, 46 
Ischium, 173 ; 
Anatomy, 178, 182, 183, 184, 185, 186, 188, 203 
Spine of 
Position 
Antero-posterior, 268 
Technic 
Antero-posterior, 268 
Tuberosity, 173 


J 
Jaw 
Anatomy, 189, 190 
Position 
Mandible, 295 
Postero-anterior, 297 
Ramus, 293, 294 
Upper, 296 
Technic 
Mandible, 295 
Postero-anterior, 297 
Ramus, 293, 294 
Upper, 296 
Joule’s law, 5 


K 
Kenotron, 39, 42 
Connections, 41 
Construction, 40 
Description, 39 
Emission, 4 
Filament life, 54 
Filament temperature, 54 
Filament voltage, 51 
Operation, 40 
Space charge, 39, 40 
Voltage, 40, 51 
Voltage drop, 54 
Kenotron indicator, 48, 56, 57 
Kenotron rectifier 
Full wave rectifier, 40 
Half wave rectifier, 42 
Kidneys 
Anatomy, 203 
Compression bag, 206 
Position 
Antero-posterior, 316, 317 
Technic 
Antero-posterior, 316, 317 
Kilovolt, 34 
Change with temperature on Par-speed screens, 83 
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Kilovolt (continued) 
Effect of 10 Kv.P. in changing density, 100 
Effect on x-radiation, 20 
Exposure limits, 110 
Influence on milliamperes, 84 
Intensifying screens effect on, 84 
Kv.P. variation, 206 
Measured per centimeter thickness, 130 
Radiographic technic, 108 
Technic for infants and children, 208 
Variation for various part of the body with par- 
speed screens, 132 
Kinetic energy, 19 
Knee 
Anatomy, 182, 183 
Position 
Lateral, 240 
Postero-anterior, 239 
Technic 
Lateral, 240 
Postero-anterior, 239 


L 


Lambdoid suture, 171 
Lamina 
Anatomy, 187, 188 
Lamp 
Neon glow, 57 
Leakage reactance, 61, 62 
Three phase rectification, 61, 62 
Leg, 170 
Anatomy, 182, 183 
Fibula, 170 
Foot, 170 
Patella, 170 
Tibia, 170 
Light intensity 
Formula, 129 
Method of measuring, 128 
Limitations 
Cones 
Field, 115 
Port of entry, 114 
Exposure for patient, 108 
Self-rectified generator, 36 
Tube heat storage capacity, 112 
Limiting device 
Current, 54 
Line 
Fluctuation, 54 
Voltage drop, 54 
Line and safety switch, 51 
Line voltage drop, 54 
Booster transformer, 54 
Power supply, 75 
Wave form, 75 
Liver 
Anatomy, 200, 201, 202, 203 
Lower jaw 
Dental positioning, 334 


Lower jaw (continued ) 
Dental technic, 330 
Positioning teeth on film, 333 
Lumbar facets 
Position 
Postero-anterior oblique, 260 
Postero-anterior oblique upright, 261 
Technic 
Postero-anterior oblique, 260 
Postero-anterior oblique upright, 261 
Lumbar spine, 172 
Anatomy, 184, 185, 186, 187 
Position 
Antero-posterior, 251, 252, 253 
Antero-posterior upright, 254 
Lateral, 256 
Lateral upright, 257 
Postero-anterior, 255 
Technic 
Antero-posterior, 251, 252, 2523 
Antero-posterior upright, 254 
Lateral, 256 
Lateral upright, 257 
Postero-anterior, 255 
Lumbo-sacral articulation 
Anatomy, 173 
Position 
Antero-posterior, 258 
Lateral, 259 
Technic 
Antero-posterior, 258 
Lateral, 259 
Lungs 
Anatomy, 201, 203 


M 
Magnetic 

Current, 5 
Density, 6 
Flux, 6, 7 
Flux linkage, 7 
Forces, 6 
Formula, 7 


Induction, 5, 11 
Intensity, 6 
Reluctance, 7 
Switch, 51 
Magnetic effect 
Electric current, 6 
Magnetic field, 6 
Magnification, 90 
Aberration of detail, 90 
Formula, 91 
Object film distance, 90, 91 
Ratio, 91 
Mandible, 172 
Anatomy, 189, 190, 191 
Condyloid process, 172 
Coronoid process, 172 
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Mandible (continued) 
Rami, 172 
Ramus, 172 
Symphysis, 172 
Mandibular notch, 172 
Mandibular symphysis 
Anatomy, 189, 191 
Position, 300, 301 
Infero-superior, 302 
Technic, 300, 301 
Infero-superior, 302 
Manubrium, 171 
Anatomy, 184, 185, 186 
Mastoid 
Anatomy, 190, 196, 197 
Position 
Antero-posterior, 283 
Lateral, 282 
Potter-Bucky diaphragm, 126 
Technic 
Antero-posterior, 283 
Lateral, 282 
Maxilla, 172 
Alveolor process, 172 
Antrum, 172 
Maxillary sinus, 172 
Position 
Supero-inferior, 299 
Technic 
Supero-inferior, 299 
Zygomatic bone, 172 
Zygomatic process, 172 
Maxillary bone 
Anatomy of, 192, 193 
Maxillary sinus, 172 
Anatomy, 192, 198, 199 
Position 
Postero-anterior, 277 
Technic 
Postero-anterior, 277 
Maximum differentiation of tissue, 77 
Maze 
Construction, 135 
Typical layout, 141 
Mechanical equivalent of heat, 5 
Metacarpus, 169 
Anatomy, 177 
Metatarsus, 170 
Meter rectifier, 58 
Metol, 143 
Microfarad, 8 
Equation, 8 
Milliammeter, 37, 40, 57, 100, 101 
Alternating current, 57 
Connections, 17 
Direct current, 57 
Formula for full wave, 37 
Formula for half wave, 37 
Ratio, 37 


Milliamperage 
Baseline, 68 
High milliampere technic, 102 
Kv.P. influence, 28 
Seconds, 84, 100, 102 
Milliampere-second meter 
Description, 29 
Use, 29 
Milliampere-seconds, 84, 100, 102 
Contrast, 103 
Density, 103 
Film density change, 102 
Motion, 103 
Output of an x-ray tube, 100 
Miniature films 
Example of, 345 
Molars 
Position 
Lower, 335, 336, 337 
Upper, 339, 340 
Radiography of 
First, 331, 333 
Second, 331, 333 
Third, 331, 333 
Technic, 334 
Molecular coefficients, 127 
Motion, 67, 77, 78, 79, 83, 92 
Dental radiography 
Bite blocks, 333 
Detail sharpness, 92, 104 
Focal film distance, 92 
High milliampere technic, 102 
Infants and children, 207, 208 
Intensifying screens, 92 
Involuntary, 93 
Non-cooperative patients, 93 
Object film distance, 92 
Peristalsis, 93 
Planigraph degree of, 155, 156 
Respiration, 93 
Voluntary, 93 
Rotating anode tube, 93 
Small focal spots, 93 
Muscular conditions 
Contrast, 131 
Density, 131 
Opacity, 131 : 
Visibility of detail, 131 
Mutual flux, 12 
Mutual induction, 11 


N 
Nasal bones 
Anatomy, 189, 190 
Position 
Supero-inferior, 292 
Technic 
Supero-inferior, 292 
Nasal cavity, 170, 172 
Nasal spine 
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Nasal spine (continued) 
Anatomy of, 191 
Neon glow lamp, 57 
Neural arch, 172 
Articular process, 173 
Laminal, 173 
Pedicles, 173 
Spinous process, 173 
Transverse process, 173 
Non-cooperative patients 
Motion, 93 
Non-screen film, 83, 84 
Contrast, 85 
Developing, 85 
Extremities, 85 
Latitude, 85 
Speed, 84 
Technic, 85 
Nose 
Anatomy, 189, 190 
Position 
Lateral, 290, 291 
Technic 
Lateral, 290, 291 


oO 


Object film distance, 89, 90 
Magnification, 90, 91 
Stereoscope, 151 
Wire mesh, 90 

Occipital bone, 171 
Anatomy, 190 
Basilar, 171 
Left lateral, 171 
Right lateral, 171 
Squamous, 171 

Odontoid process, 173 

Ohm’s law, 4 

Opacity, 128 
Disease and atrophy, 132 
Muscular conditions, 131 
Soft tissue, 165 
Tissue, 129, 206 
X-ray, 114 

Opaque media, 132 

Optic foramen 
Anatomy, 171 
Position 

Postero-anterior oblique, 288 
Technic 
Postero-anterior oblique, 288 

Orbit 
Anatomy, 170, 199 

Os calcis 
Anatomy, 170, 183 
Position 

Infero-superior, 237 
Supero-inferior, 238 
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Os calcis ( continued ) 
Technic 
Infero-superior, 237 
Supero-inferior, 238 
Oscillograph, 65 
Tube current, 65 
Tube voltage, 65 
Oxidation 
Developer, 144 
Fixer, 144 
P 


Palate 
Anatomy, 198 
Paranasal sinus 
Anatomy, 199 
Parietal bones, 171 
Anatomy, 190 
Coronal suture, 171 
Lambdoid suture, 171 
Sagittal suture, 171 
Squamous suture, 171 
Technic, 272 
Pass box, 140 
Patella, 170 
Anatomy, 182, 183 
Position 
Infero-superior, 241 
Sesamoid bones, 170 
Technic 
Infero-superior, 241 
Pelvis 
Anatomy, 178, 179, 184, 185, 186, 188 
Innominate bone, 173 
Position 
Antero-posterior, 262 
Semi-lateral antero-posterior, 263 
Semi-lateral antero-posterior upright, 264 
Technic 
Antero-posterior, 262 
Semi-lateral antero-posterior, 263 
Semi-lateral antero-posterior upright, 264 
Penetration (See kilovolts) 
Penetrometer, 69, 72, 97 
Peristalsis, 93 
Permeability, 6 
Petrous portion of the temporal bone, 171 
Anatomy, 196, 198 
Position 
Antero-posterior, 284 
Antero-posterior oblique, 287 
Postero-anterior, 285 
Postero-anterior oblique, 286 
Technic 
Antero-posterior, 284 
Antero-posterior oblique, 287 
Postero-anterior, 285 
Postero-anterior oblique, 286 
Phalanges, 169, 170 
Anatomy, 177 
Photo-chemical sensitivity, 99 
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Photo-roentgen unit, 343 
Photoroentgenography, 343 
Planigraph 
Central rays through fulcrum point, 154 
Degree of motion, 155 
Fulcrum, 154 
Interlock, 154 
Movement, 154 
Planigraphy 
Control of thickness of plane, 155 
How the plane is obtained, 153 
Positioning, 157 
Possible applications, 159 
Technic factors, 156 
Positioning (See definite areas of the body) 
Dental radiography, 333 
Planigraphic procedure, 157 
Positive ions, 19, 46 
Potential 
Electric, 3 
Filament, 32 
Potential difference, 3, 5, 11 
Equation, 3 
X-ray tube, 12 
Potter-Bucky diaphragm, 85 
Application, 125 
Bucky grid, 118 
Components, 122 
Density, 121 
Function, 123 
Grid lines, 122 
Interlock, 122 
Motor, 121 
Operation, 121 
Secondary radiation, 121 
Stationary grid, 118 
Technic change for use of, 207 
Timing, 121 
Timing control, 123 
Travel, 121 
Visibility of detail, 121 
Power supply, 75 
Primary current, 52 
Ratio, 12 
Primary rays 
Composition, 113 
Primary winding, 11 
Processing room 
Accessory equipment, 136, 140 
Chemicals, 142, 146 
Color treatment, 135 
Construction, 135 
Drying equipment, 140 
Electrical connections, 135 
Film storage, 136 
Hangers and racks, 137 
Illumination, 136 
Location, 135 
Maze, 135 
Plumbing, 135 


Processing room (continued) 
Tanks, 137 
Typical layout, 141 
Ventilation, 135 
Protection 
Electrical, 44 
X-ray 
Fluoroscope, 162 
Operator, 109 
Patient, 108 
Protective material, 110 
Protective resistance, 51 
Psoas muscle, 203 
Pubic symphysis, 173 
Anatomy, 184, 185, 186, 188 
Pubis, 173 
Anatomy, 178, 184, 185, 186, 200, 201 


R 
Radiation 
Characteristic, 113 
Cones and diaphragms, 114 
Electro-magnetic spectrum, 20 
Potter-Bucky diaphragm, 121 
Primary, 113 
Quality, 98 
Relation of wave length, 97 
Scattered, 113, 114 
Secondary, 113 
Secondary effect on detail, 96 
Secondary radiation affecting contrast, 83 
Stationary grid, 118 
Radiographic 
Calibration, 67 
Speed of three phase rectifier, 63 
Speed of single phase rectifier, 63 
Radius, 169 
Anatomy, 177 
Radius 
Grid, 120 
Ramus, 172, 191 
Rating 
Chart, 23, 24 
Focal area, 24 
Focal spot, 23, 104 
Full wave comparative, 43 
Half wave comparative, 43 
Of tube for fluoroscope, 25 
Self-rectified generator x-ray tube, 37 


Ratio 
Autotransformer, 13 
Bucky, 119 
D’Arsonval meter, 32 
Grid, 119 


Intensifying screens, 81 
Magnification, 91 
Primary and secondary current, 12 
Stereoscopic shift, 149 
Transformation, 12 

Rectification, 38 
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Rectifier 
Basic circuit bridge type full-wave kenotron, 40 
Full wave, 41 
Meter, 58 
Theory of self-rectified generator, 38 
Three phase, 60 
Tube, 58 
Rectifier tubes, 38, 58 
Space charge. 46 
Reluctance 
Magnetic, 7 
Resistance, 3, 4, 5 
Formula, 4 
Ohm’s law, 4 
Surge protective, 31 
Respiration 
Effect on technic, 206 
Reticulation, 147 
Rheostat, 33 
Ribs 
Anatomy, 184, 185, 186, 187 
Position 
Above diaphragm 
Antero-posterior, 308 
Postero-anterior, 307 
Below diaphragm 
Antero-posterior, 309 
Technic 
Above diaphragm 
Antero-posterior, 308 
Postero-anterior, 307 
Below diaphragm 
Antero-posterior, 309 
Richardson equation 
Dushman’s modification, 18 
Root mean square, 10, 41 
Alternating current, 10 
Equation, 41 
Rotating anode tube, 79 
Comparison of focal areas, 31 
Comparison with stationary anode, 30 
Current carrying capacity, 31 
Diagram, 29 
Focal area, 30 
Focal spot, 31 
Projection, 29 
Speed of rotation, 31 
Target angle, 31 
Three phase, 64 
Rotating target tube, 79 


S 
Sacro-Iliac articulation 
Anatomy, 173, 186 
Position for 
Antero-posterior, 270 
Technic 
Antero-posterior, 270 
Sacro-Iliac joint, 173 
Anatomy, 184, 185, 186 


Sacrum, 172 
Anatomy, 184, 185, 186, 188, 200-205 
Innominate bone, 173 
Sacro-Iliac joint, 173, 188 
Safe exposure limits 
Dosage rate, 110 
Effect of filtration, 108 
International recommendations, 110 
Permissible exposure values for all parts of the 
body, 109 
Protective recommendations, 110 
Skin tolerance, 108 
Wave lengths, 108 
Sagittal suture, 171 
Scapula 
Anatomy, 174, 177, 184, 185, 186, 188 
Position 
Postero-oblique, 226 
Technic 
Postero-oblique, 226 
Screens 
Detail screens, 81 
Hi-speed screens, 82, 83 
Infants and children, 208 
Intensifying screens, 100 
Par-speed screens, 81 
Speed screens, 81 
Secondary radiation, 113 
Characteristic radiation, 113 
Contrast, 83, 113 
Effect of, 113 
Potter-Bucky diaphragm, 121 
Scattered radiation, 113 
Stationary grid, 118 
Secondary winding, 11 
Selector 
Focal spot, 51 
Switch, 59 
Technic, 49, 59 
Tube, 52 
Self induction, 7 
Formula, 11 
Inductance, 7 
Self-rectified generator, 34 
Detail sharpness, 38 
Focal spot sizes, 37, 38 
Limitations, 36 
Rectification theory, 30 
Single unit type, 45 
X-ray tube ratings, 37 
Sella Turcica, 171 
Semi-automatic control, 58 
Shockproof 
Cable, 41, 43 
Tube casing, 44, 45 
Tubes, 108 
Shockproof apparatus 
Description, 44 
Inherent filtration, 108 
Shockproof tubes, 108 


i a 
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Shoulder 
Anatomy, 168, 175, 177 
Effect of respiration on technic for, 206 
Position 
Antero-posterior, 221, 222, 223, 224 
Technic 
Antero-posterior, 221, 222, 223, 224 
Shoulder girdle, 168 
Anatomy, 175, 177 
Clavicle, 168 
Scapula, 168 
Sine wave, 9, 10, 34 
Diagram, 9, 36 
Single unit type generator, 45 
Sinuses 
Anatomy, 189, 190 
Cones, 116 
Ethmoid, 172, 191 
Frontal, 190, 198, 199, 275 
Lateral, 278 
Maxillary, 172, 192, 198, 199, 277 
Position 
Lateral, 278 
Potter-Bucky diaphragm, 126 
Technic 
Lateral, 278 
Skull 
Anatomy, 189, 190 
Exposure limits, 109 
Position 
Antero-posterior, 272 
Lateral, 271 
Postero-anterior, 273 
Technic 
Antero-posterior, 272 
Lateral, 271 
Postero-anterior, 273 
Sodium bi-sulphite 
Acidifier, 145 
Hypo solution, 145 
Sodium iodide, 145 
Hypo solution, 145 
Sodium sulphite 
Preservation, 144 
Sodium tetraiodophenolphthalein, 133 
Sodium theosulphate 
Hypo solution, 145 
Soft tissue radiography, 165 
Areas, 165 
Contrast, 166 
Density, 166 
Focal film distance, 166 
Latitude, 167 
Relative opacity, 165 
Technic, 165 
Technical procedures, 166 
Variable factor, 166 
Solenoid, 6, 7 
Interlocks, 52 


Space charge 
Automatic compensation, 59 
Child-Lanmuir law, 18 
Definition of, 18 
In rectifier tubes, 46 | 
Tube current, 27 
Spectrum 
Electromagnetic, 20 
Sphenoid bone, 171 
Anatomy, 194, 195 
Clinoid process, 171 
Foramina, 171 
Sella turcica, 171 
Sphenoid sinus, 171 
Sphenoid sinus - 
Anatomy, 171, 190, 198 
Position 
Infero-superior, 280 
Postero-anterior, open mouth, 281 
Supero-inferior, 279 
Technic 
Infero-superior, 280 
Postero-anterior, open mouth, 281 
Supero-inferior, 279 
Sphere gap 
Reading, 68 
Spinal column, 172 
Anatomy, 200, 203 
Cervical region, 172 
Coccyx, 172 
Coccygeal region, 172 
Lumbar region, 172 
Sacrum, 172 
Spinal cord, 172 
Thoracic region, 172 
Vertebrae, 172 
Spinal cord, 172 
Spine 
Cervical, 173, 243, 244 
Dorsal, 206, 245, 246, 247, 248, 249, 250 
Lumbar, 172, 251, 252, 253, 254, 255, 256, 
257 
Potter-Bucky diaphragm, 125 
Spinning top, 100, 101 
Timer test, 62 
Spleen 
Anatomy, 202, 203 
Squamous, 171 
Squamous portion, 170 
Squamous suture, 171 
Anatomy of, 190 
Stabilizer 
Filament, 54, 55 
Operation, 56 
Stationary grid, 118, 119 
Simplified section, 119 
Visibility of detail, 118 
Step-up transformer, 12 
Insulation, 13 
Primary winding, 33 
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Step-up transformer (continued) 
Secondary winding, 33 
Stereoscope 
Alignment, 149 
Brewster, 149 
Convergent accommodation, 151 
Mirror type, 149 
Object film distance, 151 
Operation, 151 
Optical accommodation, 151 
Placing of films, 151 
Projection, 150 
Shift ratio, 149 
Table of tube shifts, 151 
Wheatstone, 149 
Stereoscopy, 148 
Depth perception, 148 
Diplopia, 148 
Photoroentgenography, 345 
Plan of box, 148 
Sterno-clavicular articulation, 168 
Position, 228 
Technic, 228 
Sternum 
Anatomy, 200 
Position 
Lateral, 310 
Postero-anterior oblique, 311 
Technic 
Lateral, 310 
Postero-anterior oblique, 31) 
Stomach 
Anatomy, 201, 202, 203 
Position 
Lateral, 323 
Oblique, 322 
Postero-anterior, 321 
Potter-Bucky diaphragm, 126 
Technic 
Lateral, 323 
Oblique, 322 
Postero-anterior, 321 
Visibility of detail, 120 
Styloid process, 171 
Anatomy, 190, 196, 197 
Superciliary ridge, 170 
Surge protective 
Resistance, 51 
Surgical neck, 169, 176 


Switch 
Foot, 51 
Hand, 51 


High voltage, 52 
Line and safety, 51 
Magnetic, 51 
Selector, 49, 59 
Symphysis of the chin, 172, 189 
Synchronous Timer, 52 
Interlock, 52 
Operation, 52 


T 
Talus, 170 
Tanks, 137 
Developing, 137 
Fixing, 137 
Rinsing, 137 
Washing, 137 
Tank cleaner, 140 
Tanning agent, 145 
Tarsus, 170 
Technic, 205 (see definite areas of the body) 
Dental radiography, 334 
High milliampere seconds, 102 
Infants and children, 208 
Non-screen, 85 
Selector, 49, 59 
Soft tissue radiography, 165 
Technic charts, 205 
Preparation of, 208 
Variation thickness of parts, 130 
Technic selector, 49, 59 
Teeth 
Location, 342 
Lower jaw, 330 
Motion, 333 
Positioning of film, 331 
Positioning, 331, 334 
Technic, 334 
Upper jaw, 330 
Temperature 
Control of filaments, 16 
Focal spot rise, 21 
Intensifying screens, 82 
Kenotron filaments, 54 
Solutions, 145 
Temporal bone, 171 
Anatomy, 196, 197 
Mastoid, 171 
Petrous portion, 171 
Squamous, 171 
Styloid process, 171 
Zygomatic process, 171 
Temporo-mandibular articulation 
Anatomy, 190 
Position 
Lateral, 298 
Technic 
Lateral, 298 
Temporo-mandibular joint, 190 
Therapy 
Rating of tube, 25 
Thermal ratings of tubes, 111, 112 
Calculation, 111 
Thermionic current, 17, 18 
Dushman’s modification of the Richardson ‘equa- 
tion, 18 
Thermo-electrons, 15, 16 
Thermometer, 139 
Thickness of plane, 155 
Degree of motion, 156 





362 


MEDICAL RADIOGRAPHIC TECHNIC 


Thickness of plane (continued) 
Structure visibility, 156 
Thigh, 169 
Anatomy, 180 
Femur, 169 
Leg, 170 
Thoracic region, 172 
Three phase rectification, 60, 63 
Characteristics of, 62 
Generator, 61 
Leakage reactance, 61, 62 
Operation, 60 
Radiographic speed, 63 
Rotating anode tube, 64 
Time voltage curves, 61 
Wave shape, 62, 63 
Tibia, 170 
Anatomy, 182, 183 
Ankle mortise, 170 
Internal malleolus, 170 
Tarsus, 170 
Time of exposure, 99 
Chart based on safe tube rating, 106 
Compensate for heavier patients, 108 
Contrast, 106, 107 
Density, 106, 107, 108 
Energy input, 108 
Infants and children, 207 
Patient, 106 
Radiographic technic, 108 
Safety factor, 108 
Tube heat storage capacity, 11 
Timer 
Interval, 140 
Motor operated, 52 
Potter-Bucky diaphragm, 121 
Spinning top test, 62 
Synchronous, 52 
Tissue differentiation, 123, 132 
Contrast, 132 
Density, 132 
Gall bladder, 133 
Genito-urinary system, 133 
Infants and children, 208 
Intestinal tract, 129, 132 
Opacity, 129 
Opaque media, 132 
Thickness, 129 
Technic, 206 
Visibility of detail, 132 
Tissue thickness 
Visibility of detail, 129 
Toes 
Anatomy, 182 
Position 
Antero-posterior, 229 
Lateral, 230 
Technic 
Antero-posterior, 229 
Lateral, 230 


Transformer, 10 
Auto-, 13, 34, 51 
Booster, 48, 54, 55 
Compensating, 58 
Filament, 12 
Filament transformer connections, 32 ° 
Induced voltage, 12 
Instrument, 58 
Insulation, 12 
Leakage reactance, 61 
Mutual flux, 12 
Output, 102 
Primary, 11 
Secondary, 11 
Step-down, 12 
Step-up, 12 
Turn ratio, 11 
Wave form, 75 
Transformer regulation, 27 
Triangulation 
Diagram, 161 
Foreign body localization, 160 
Trochanter, 169 
Greater, 169 
Lesser, 169 
Trochlea, 169 
Trouble chart 
Films, 146 
Trunk 
Anatomy, 184, 185, 186 
Tube 
Dental alignment, 329 
Emission, 39 
Heat storage capacity, 11 
Positioning, 86 
Rectifier, 58 
Space charge, 46 
Selector, 52 
Shockproof, 108 
Tilt effect on grid, 120 
Tube casing 
Bushings, 45 
Filtration, 108 
Shockproof, 44, 45 
Tube current, 18, 36, 58, 77 
Inverse current, 37 
Inversion emission, 37 
Oscillographic record, 65 
Metering system, 57 
M.A. second value, 104 
Rating chart, 105 
Size focal area, 77 
Space charge, 27 
Three phase, 60 
Tube focal spot, 78 
Tube heat storage capacity, 111 
Changes of exposure time, 111 
Cooling curves, 111 
Energy input, 111 
Energy limitations, 111 
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Tube heat storage capacity (continued ) 
Heat units, 111, 112 
Rate of heat dissipation, 111 
Tube voltage, 111 
Tube rating, 77 
Charts, 105 
Thermal, 111 
Therapy, 25 
Tube selector, 52 
Tube voltage 
Affecting density, 76 
Capacitor discharge unit oscillograph record. 65 
Three phase, 60 
Wave shape, 62 
Tuberosities, 169, 176 
Tungar tube, 46 
Tungsten, 23 
U 
Ulna, 169 
Anatomy, 177 
Olecranon process, 169 
Styloid process, 169 
Ultraviolet 
Wave length, 20 
Upper jaw 
Dental positioning, 334 
Dental technic, 330 
Positioning teeth on film, 331 
Ureters 
Position, 316 
Technic, 316 
Urinary bladder 
Anatomy, 200, 201 
Position 
Antero-posterior, 316, 318 
Technic 
Antero-posterior, 316, 318 


Vv 
Valve tube (see Kenotron) 
Vertebrae, 172, 173 
Anatomy, 184, 185, 186 
Atlas, 173 
Body, 172 
Lumbar, 188 
Neural arch, 172, 173 
Visceral cranium, 170 
Mandible, 172 
Maxilla, 172 
Volt, 3 
Voltage 
Compensator, 14, 52, 55 
Density, 96, 131 
Drop, 34, 36 
Induced, 12 
Inverse, 36 
Kenotron, 40, 51 
Magnitude of generator, 9 
Power supply, 75 
Rating charts, 106 
Wave form, 75 


Voltage compensation, 13 

Voltage drop, 34, 36, 39, 45 
Booster transformation, 54, 55 
Kenotron, 54 


Line, 54 
Voltic 
Cell, 3 


W 


Wave form, 75 
Current, 100 
Sine, 9, 10, 34, 36 
Wave length, 107 
Electro-magnetic spectrum, 20 
Equation, 20 
Gamma rays, 20 
Relation to per cent radiation, 9€ 
Ultra-violet, 20 
X-ray, 20 
Wire mesh 
Use of, 89, 90 
Windings 
Primary, 11 
Secondary, 11 
Wrist 
Anatomy, 177 
Position 
Lateral, 216 
Oblique, 215 
Postero-anterior, 214 
Technic 
Lateral, 216 
Oblique, 215 
Postero-anterior, 214 


xX 


Xiphoid process 
Anatomy, 184, 185, 186 
X-ray 
Characteristics, 20 
Efficiency of production, 21 
Generation, 15 
Nature, 20, 107 
Output, 77 
Protection from, 109 
Quality and quantity, 67 
Sources, 23, 86 
Wave length, 20 
X-ray generator 
Component parts, 48, 64 
Controls, 49, 51 
Essentials, 32 
Full wave, 41, 46 
Self rectified, 34 
Limitations, 36 
Single unit, 45 
X-ray protection 
Electrical, 44 
Fluoroscope, 162 
Operator, 109 
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X-ray tube 

Anode, 17 

Capacity, 26 

Cathode, 17 

Circuits, 17 

Cooling curves, 26, 112 

Comparison between rotating anode and stationary 
anode, 30 

Configuration, 21 

Connections, 17 

Current, 17 

Definition, 15 

Diagram, 16 

Electrode design, 21 

Electron source, 15 

Elements of, 15 

Filament stabilizer, 55 

Gases, 21 

Heat storage capacity, 11 

Length, 21 

Limits, 23, 24 

Operating principles, 15 

Output M.A. seconds, 100 

Potential difference, 12 

Power input, 23 
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X-ray tube (continued) 


Rating 
Charts, 24 
Factors, 24 


Focal area, 24 
Requirements, 21 
Rotating anode, 29, 30, 31 
Thermal capacity, 23 
Vacuum, 16 
Voltage, 96 
Voltage drop, 39 

X-ray tube ratings, 37 
Current ratings, 38 
Full wave, 37 
Self rectified, 37 


Z 
Zygomatic arch 
Anatomy, 190 
Position 
Infero-superior, 289 
Technic 
Infero-superior, 289 
Zygomatic process, 171, 172 
Anatomy, 196, 197 
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